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PREFACE 


It has Seemed opportune for' some time past to write a monograph on the 
natural fats in such a form that their inter-relationships as a group of 
naturally occurring organic compounds should be developed as completely 
as possible, and without primary reference either to their physiological 
functions or to their technical applications. The many detailed data on the 
acids combined in natural fats which have been published during the past 
twenty years or so have made more and more evident the existence of a close 
connection between the component acids in a fat and its biological source. 
Therefore, I decided to make some sort of biological classification the basis 
for the order in which the various natural fats are considered. To those 
familiar with the more customary sequence of “ vegetable fats, animal fats, 
marine anirnal fats '' the change may seem inconvenient or even unneces- 
sary ; but assurance may be given that contemplation of the fats and their 
component acids in the sequence developed in Chapters II— IV of this book 
soon presents itself as the logical and consistent method of approach to 
their study. This, it is hoped, will be realised by perusal of Chapter I, 
which is mainly devoted to a general summary of the data discussed in 
fuller detail in the six chapters which follow. 

Whilst acknowledging all responsibility for the method I have adopted, 
it is right to add that the first use of this principle was made ten years ago 
by Griin and Halden {Analyse der Fette und Wachse, vol. II), who, when 
describing the usual chemical and physical characteristics of plant and 
animal fats, arranged them mainly according to their biological origin, in 
the general order vegetable, marine animal, animal fats. These authors 
(p. lo) were, however, at that time unable to accept my view that there 
were sufficient parallelisms between the component acids of seed fats and 
the famihes of the parent plants to justify a comprehensive generalisation. 

In postponing discussion of the chemical constitution and properties of 
individual fatty acids until a late stage of the book — ^indeed, until its main 
objects have been dealt with — I have followed the example of my friend 
Dr. G. S- Jamieson, who adopted this plan (I think very usefully) in his 
Vegetable Oils and Fats,'" published in 1932. 

The aim has been to include as much as possible of relevant data on the 
subject published up to the end of 1938, whilst some work which has appeared 
during 1939 has also been considered. It is hoped that not many investiga- 
tions have been overlooked which ought to have been mentioned, because 
one of the chief uses of a volume of this kind should be to stimulate research, 
to draw the attention of investigators .to what has already been done, and 
to the lacunae which still exist. For the latter reason, also, some of the more 
recent work has been discussed more fully than might otherwise have been 
deemed necessary. 

With few exceptions, only those fats whose component acids have been 
defined in some detail by modem methods are considered in this book. 
Actually, it will be found that about 420 fats from plant species, about 
80 fats from land animals, and about 100 fats of aquatic origin are men- 
tioned ,* in several instances these numbers include fats from different parts 
of the same animal or plant. These figures illustrate on the one hand the 
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disproportion between the number of plant and of animal fats studied, and 
on the other, that those fats so far adequately studied are drawn from only 
a minute proportion of the hundreds of thousands of natural species. 

I have received much help in the preparation of the book, especially in 
verifying numerical data and textual references and in correction of proofs 
from Miss M. Tadman, M.Sc. Dr. M. L. Meara read the book in manuscript 
and also contributed the part of Chapter X which deals with synthetic 
glycerides. To these, and to Dr. J. A. Lovern and others with whom I was 
able to discuss various parts of the work, I offer my warm thanks. I take 
this opportunity, moreover, to express my great appreciation of my 
co-workers in this laboratory who, during the past fourteen years, have 
done very much to encourage and maintain my interest in research on fats 
by their own keenness and assiduity in the investigations which we have 
pursued together. 

T. P. H. 

University of Liverpool, 

December, 1939. 
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CHAPTER I 


INTRODUCTORY SURVEY OF THE NATURAL FATS 

This book is planned to give as complete an account as possible of the 
constitution of the fats, and more especially the glycerides, which are pro^ 
duced naturally in plant and animal life. It is intended to treat the natural 
fats as a group of organic chemical compounds, in exactly the same way as it 
has been found helpful to have separate monographs dealing with other 
natural groups such as, for example, the carbohydrates, terpenes, alkaloids, 
or fiavone derivatives. This method of approach is stressed, because it 
naturally follows that the fats are considered, primarily, neither from the 
standpoint of their utility as raw materials for any industrial purpose nor 
with regard to their biochemical functions in the organisms in which they 
are produced. References will, it is true, be found to these and other 
aspects in the course of the work ; but its first objective is the descriptive 
presentation of the organic chemistry of the natural fats, so far as our present 
knowledge takes us. 

It is probable that many readers will be already familiar with the subject 
from the biochemical or the technological side ; this circumstance warrants 
some further explanations. First of all, it will be found that much less 
reference than u^ual is made to the many '' characteristics of fats (whether 
physical, such as density or refractivity, or chemical, such as saponification, 
acid, iodine or acetyl values, etc.) which have been so widely elaborated and 
which are indispensable in the routine or rapid characterisation, and even 
determination, of fatty materials in technical practice. This is, of course, 
owing 'to the circumstance that these characteristics,"' applied to an entire 
fat, give in general merely average figures which by no means serve to 
indicate its detailed composition (although saponification equivalents, 
iodine values, and occasionally other analytical characteristics, are indis- 
pensable in collecting the detailed experimental data upon which knowledge 
of the chemical structure of fats is ultimately based). The individual fats 
discussed in this book, with few exceptions, have been investigated so far 
that the- proportions of the separate component acids, and in some cases the 
chief component glycerides, can be stated with some degree of accuracy; 
and for the most part the compositions of the fats are given in these forms 
alone. Many tables illustrating the component acids present in natural 
fats have been included in the book, and it might have been interesting to 
have incorporated some of the more important physical and chemical 
analytical characteristics " of each fat mentioned. To do so would, 
however, have greatly increased the size and complexity of these tables 
(already cumbersome enough). To add separate compilations of the cus- 
tomary analytical characteristics would also have involved considerable 
increase in the size of the volume and, since full details of the analytical 
characteristics of individual fats have been collected in a number of excellent 
technological or general treatises on fats, it seemed unnecessary to repeat 



them in a work which is primarily a guide to the chemical structure of 
natural fats and is concerned only with the data relevant thereto. 

In the next place, the arrangement of the fats discussed in this volume 
will doubtless be found unusual. Logically, perhaps, the individual fatty 
acids, their properties and constitutions, should be discussed before pro- 
ceeding to their combined forms, the glycerides, etc., whilst the experimental 
and analytical methods employed in. the elucidation of their composition 
should also precede the essential part of the work. It is a great advantage, 
on the other hand, to come to the main business of the book as soon as 
possible ; and since, as has been said, most readers are doubtless familiar' 
with the fundamental chemistry of the fatty acids, it has been thought 
feasible to attempt this. The chapters immediately following therefore 
deal at once with the component acids and glycerides which have been 
found to occur throughout the vegetable and animal kingdoms, without 
undue detail as to the evidence upon which, for example, the constitution of 
any particular fatty acid is based. Later in the book, however, chapters 
will be found in which the constitution and specific features of individual 
fatty acids are considered, and in which accounts are given of the chief 
experimental and analytical methods referred to in the more general portion 
of the work. Since the writer has frequently received requests for collected 
details of various procedures used by his collaborators and himself in the 
work on fats carried on at the University of Liverpool since 1926, the oppor- 
tunity has been taken to endeavour to meet these enquiries at the same time. 
This is the sole reason for describing such technique in what may appear to 
be exceptional detail : in the various published communications modifica- 
tions are described from time to time, but it has often not been practicable 
to include a complete description in any one paper contributed to the 
scientific journals. 


Some General Considerations on the Study of Natural 
Derivatives of the Higher Fatty Acids * 

* Unanimity has not yet been reached in the terminology to be adopted in 
classifying the various t3q)es of naturally occurring compounds in which higher 
fatty acids are present. These types are broadly as follows : 

(I) Compounds containing only carbon, hydrogen, and oxygen : 

(A) Esters of higher fatty acids with glycerol (triglycerides) . 

(B) Esters of higher fatty acids with alcohols other than glycerol 

(higher aliphatic alcohols, sterols, etc.). 

(II) Compounds containing other elements in addition to carbon, hydrogen 
and oxygen : 

(C) Esters of glycerol with fatty acids and also phosphoric acid 

coupled with a nitrogen base. 

(D) Compounds of fatty acids with a carbohydrate and containing 

nitrogen. 

(E) A few fatty^ acid derivatives also containing either nitrogen or 

sulphur. 

Even a collective title for the whole group is not generally settled. Following 
I. Smedley-Maclean, most British workers refer to the whole group as lipoids, 
the Germans employing the corresponding word {Lipoide) ; but American 
biochemists have adopted Bloor's generic term lipids. 

The sub-groups also share several alternative titles, the latter being roughly 
tabulated as follows : 



Group Title 
Sub-group I 
Type A 
Type B 

Sub-group n 

Type C 
Type D 


British 

Lipoids 

Fats 

Waxes 

Lipins 

Phosphatides 

Cerebrosides 


German 

Lipoide 

Fette 

Wachse 


Phosphatide 

Cerebroside 


American 

Lipids 

Simple lipids 

Fats 

Waxes 



Phospholipi ds 
Cerebrosides 


The present book will follow the British usage as far as possible. The term 
fats '' implies triglycerides, solid or liquid* The " waxes of type B will 
most frequently be referred to more specifically as sterol or higher aliphatic 
alcohol, etc., esters. 


The higher fatty acids are found in nature in various combinations, of 
which the most important are glycerides (fats), phosphatides, and esters of 
other alcohols with higher fatty acids (waxes). Glycerides are esters of the 
trihydric alcohol glycerol, in which three fatty acid molecules are combined 
with one molecule of glycerol. The natural triglycerides or fats are the 
main concern of the present book. The phosphatides, to which some 
reference must, however, also be made, are also esters of glycerol, or, more 
explicitly, are higher acylated esters of a glycerophosphoric acid, usually in 
the form of a salt with choline or cholamine (jS-amino-ethylalcohol) — 
C3H5(0R')(0R")(0.P0(0H).B), where R', R'^ are higher fatty acid radicals 
and B is the nitrogen base choHne or cholamine. 

The constitution of the fats (triglycerides) , or for that matter of the waxes 
or phosphatides, may be considered in two distinct ways, namely : (i) with 
respect to the amounts of the various individual esters present, or (ii) with 
reference to the proportions of the various fatty acids which are present in 
combination in the natural product as a whole. We may with advantage 
here confine the discussion to the fats or triglycerides themselves. Very 
few natural fats have been found to contain only two or even three different 
acids united with glycerol ; more usually five, six, or seven such acids are 
present and this number may often be much exceeded. Many common fats, 
notably milk fats and the fats of fishes, contain a dozen or more component 
acids. If it were the invariable rule that each natural triglyceride molecule 
contained only one species of fatty acid (e.g. triolein, tripalmitin) , there 
would be no need for such distinction as that mentioned above. Expressed 
on a molar (not weight) percentage basis,* the proportions of component 
fatty acids and of component glycerides would be the same. Most unfor- 
tunately, this is exactly what does not happen in nature. As will be seen 
later, the overwhelming tendency is towards the production of mixed 

* The molar composition is frequently more informative than composition 
by weight in discussing the fats, because it expresses the relative number of 
molecules of each type of acid, or component glyceride, present in a fat. The 
difference in the two modes of expression becomes especially significant when 
fatty acids of widely dificerent molecular weight are present in the same fat. 
Thus, for instance, the presence of 3 per cent, by weight of- butyric acid in the 
mixed acids of butter fat really means that, out of every 100 mols. of fatty acids, 
about 10 mols. are butyric acid. 

The composition of natural fatty acids being so familiar in the form of 
weight-percentages, this mode is used to a considerable extent in this book. In 
many cases, however, it is desirable (as in the milk fats mentioned) to present the 
facts on a molecular basis of comparison ; and, in some of the quantitative work 
on component glycerides, this is indeed the only rational course. 
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triglycerides,* in which at least two, and often three, species of fatty acids 
are combined ; simple triglycerides are the exception, and are only produced, 
apparently, when no other course is open. It therefore follows that the 
proportions of the component acids in a natural fat, and those of its com- 
ponent glycerides, are by no means the same thing ; and accordingly we 
have to differentiate at the outset between the component fatty acids and the 
component glycerides present in a fat. 

Here and there (especially in vegetable seed fats), some natural fats, or 
fats from a group of biologically related organisms, are found to contain in 
combination some particular fatty acid which has been found in no other 
instance in nature ; but this is on the whole decidedly exceptional. The 
general case is that a number of higher fatty acids occur continually 
throughout nature. The consequence is that the differences between one 
fat and another depend very largely on'the varying proportions of the fatty 
acids in combination in the different fats, as well as upon the particular acids 
which happen to be components. The study of the natural fats is therefore 
somewhat differently placed from that of many other groups of naturally 
occurring organic compounds in that it must be conducted on a quantitative, 
rather than solely upon a qualitative, basis. Accepting the necessity for 
quantitative treatment of the subject, we may therefore consider, as has 
already been said, either the proportions of the component triglycerides in a 
fat, or of the component acids in the total fatty acids present in combination 
with glycerol. 

A practical dif&culty next presents itself : whilst the component acids of 
a fat or other natural lipoid can be determined quantitatively with a con- 
siderable degree of accuracy (frequently to within, at all events, one unit per 
cent, of the total fatty acids), the quantitative determination of the individual 
component glycerides in a fat is a matter of great difficulty. At present, 
indeed, there are relatively few fats the component glycerides of which have 
been determined in detail. Our knowledge of the individual glycerides 
present in the majority of fats is therefore still far from complete. We have 
achieved recently a good deal of knowledge of the general build of the mixed 
glycerides in the more important groups of natural fats, but we cannot yet 
(dxcept in a very few cases) define the nature and proportion of each 
individual mixed glyceride present with anything approaching the accuracy 
with which it is possible to state the total proportions of each fatty acid 
present in combination in the whole fat. 

Fortimately, however, it has now become evident that the mode of 
union — or interweaving, as it were — of the fatty acids in a natural tri- 
glyceride is fundamentally similar over wide areas of both vegetable and 
animal kingdoms. In other words, the kind and proportions of the individual 
fatty acids combined in a fat seem to have little influence upon the general 
mode of construction or assembly of the acids into triglycerides ; the latter 
are assembled on principles which operate, for the most part, independently 
of the particular fatty acids which happen to be present. 

On the other hand, the amount and’ kind of the component fatty acids of 

* Tt is imfortimate, from this point of view, to express the composition of a 
fat (from its det^ed fatty acid analysis) as “ glycerides of oleic acid,’^ glycerides 
of palmitic acid,” etc., etc. The only logical and comparable method is to give, 
in the first place, the component acids as a percentage (wt. or mol.) of the total 
fatty acids present. 



natural fats vary extremely widely, whilst, as we shall see, these variations 
run strikingly parallel in most cases with the biological sources of the 
materials. A great amount of information becomes available, therefore, by 
consideration of the composition of the total fatty acids, as distinct from the 
component glycerides. For the reasons which have been outlined, the 
natural fats are considered in detail in this book, first of all, with reference 
to their component fatty acids (Chapters II-IV) and, subsequently, in terms 
of what is known of their component glycerides (Chapters V—VII). Similarly, 
in endeavouring to present a preliminary survey of the whole field in the 
present chapter, we shall consider the subject first with reference to the 
component acids and then with reference to glyceride structure. 


The Component Acids of Naturae Fats 

Before discussing the fatty acids as found in combination in different 
groups of organisms, vegetable and animal, a few introductory remarks of a 
general character on the individual naturally occurring fatty acids appear 
necessary. To maintain a correct perspective, it is essential to recognise 
that oleic acid (c«s- A^*^^-octadecenoic acid, CH3.[CH2]7.CH:CH-[CH2]7. 
COOH) is undoubtedly the most widespread of all natural fatty acids ; in 
very many fats it forms more than half of the total fatty acids, in relatively 
few fats does it form less than lo per cent, of the total fatty acids, and up to 
the present it has been found absent from no natural fat or phosphatide. 
The most common constituent of all natural fats is thus an unsaturated 
(mono-ethenoid), normal aliphatic acid with a content of eighteen carbon 
atoms and the unsaturated linking between the ninth and tenth carbon atoms 
of the chain. Many other unsaturated acids, mono- or poly-ethenoid, are 
also found in fats, and of these quite a number have features of chemical 
structure which bear similarity, close or remote, to that of oleic acid. Other 
unsaturated acids, however, seem to be quite different from oleic acid and 
its structurally related acids in the arrangement of their unsaturated linkings. 
None of the other unsaturated acids are so uniformly distributed, or so 
prominent as a whole, in natural fats as oleic acid ; but two at least appear 
to be nearly as ubiquitous, namely. A® • ^^-octadecadienoic acid (linoleic 
acid or related forms), CH3.[CH2]4.CH:CH.CH2.CH:CH.[CH2]7.COOH, and 
A^'^^-hexadecenoic (palmitoleic, zoomaric) acid, CH3.[CH2]5.CH:CH.[CH2]7. 
COOH. 

The corresponding saturated normal aliphatic acids are, of course, also 
widely distributed in natural fats. Here the characteristic member of the 
group is undoubtedly palmitic acid, CH3.[CH2]i4.COOH ; this acid occurs 
prominently in very many fats, in which it may contribute from 15 to 50 per 
cent, of the total fatty acids whilst, like oleic acid, it is completely absent 
from extremely few, if any, of the natmral fats. Whilst a number of other 
natural saturated higher fatty acids are found in nature, probably only 
myristic and stearic acids, C13H27.COOH and C17H35.COOH, approach 
palmitic acid in ubiquity of distribution ; of neither of these, however, can 
it be said that they are invariably present in natural fats. Stearic acid, of 
course, is a very familiar acid, and is often erroneously stated to be typical 
of the natural saturated acids (as oleic undoubtedly is of the unsaturated 
group). Actually, it is only found in high proportions (25 per cent, or more 
of the total fatty acids) in the seed fats of a few tropical families of plants 
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CHEMICAL CONSTITUTION OF NATURAL FATS 

and in the depot fats of some land animals ; its prominence in ox and sheep 
depot fats doubtless caused the impression that it was as abundant in nature 
as oleic acid. 

It should be added here that with the soHtary exception of 2^sovaleric 
acid (found only in the depot fats of the dolphin and porpoise), the molecules 
of all natural straight-chain fatty acids, saturated or unsaturated, contain 
a.n even number of carbon atoms. It may also be mentioned that, when one 
saturated acid is present in fairly large amount, subsidiary proportions of 
the natural saturated acids next higher and lower in the homologous- series 
are often also observed. Thus, just as myristic and stearic acids are usually 
present in subsidiary amounts when palmitic is a major component acid, so, 
in those tropical seed fats in which, as mentioned, stearic acid is prominent 
there is also almost always a small amount of arachidic acid, CjgHso.COOH, 
as well as palmitic acid. 

The chief acids found, as major or minor components, in natural fats 
are listed on pp. 6-7 to facilitate reference in the remainder of this chapter. 
Further details of their chemical constitution or special properties will be 
found in Chapter IX. 

The list of naturally occurring acids as given above is not a complete 
one ; thus, for example, isomeric dodecenoic and tetradecenoic acids have 
been encountered in a few specific seed fats and, again, it is not yet possible 
to give an accurate statement of the natural polythenoid fatty acids. All 
the acids which will necessarily be mentioned in what follows in this chapter 
have, however, been included. 

Having cleared the ground by the explanatory matter in the preceding 
pages, we can now proceed to consider, from a broad point of view, the 
distribution of fatty acids in the numerous varieties of natural fats. As will 
be already evident, the proportion of any single acid in the total acids of a 
fat is widely variable, sometimes very great, in other cases quite small. 
It is convenient to group the acids of any fat into two rough categories : 
major component acids and minor component acids. As employed by the 
writer, these terms are not interpreted by any means rigidly ; a major 
component acid is defined as one which may form anything from about 
10 per cent, upwards of the total fatty acids combined in a fat. At first 
glance, of course, a constituent contributing only 10 per cent, of the whole 
may appear misnamed as a major '' component ; but when it is remem- 
bered that many fats include ten or more different acids in their glycerides it 
will be seen that the presence of one acid to the extent of more than about 
10 per cent, frequently means that it may be one of several chief 
components - 

The chief utility of roughly sorting out the component acids of fats into 
these two groups is that we then perceive at once that, in very many instances, 
fats from organisms which have been classed together from morphological and 
anatomical considerations by biologists share the same fatty acids as major 
components ; so that we reach the important conclusions that natural fats 
may to a large extent be classified according to their major component 
adds, and that such a grouping follows fairly closely that already developed 
from biological considerations for the parent organisms. Although such 
classification of natural fats rests chiefly on their major component acids, 
there are quite a number of cases wherein a minor component acid is as 
characteristic as the major components for a particular group of fats. This 
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is not so general as the relationships observed in the major component acids 
of most fats, but is in some cases of importance in defining the similarities in 
one or other group. The minor component acids which are thus, as it were, 
as definitely characteristic of a natural fat-group as some of the major 
components are, for the most part, those acids which (either as major or 
minor components) pervade the whole range of natural fats. Two simple 
instances may be given. In seed fats of the families Cruciferae, Umbelliferae, 
and some others palmitic acid (which is in most fats a major component '' 
forming lo per cent, or more of the total fatty acids) only amounts to 
2—3 per cent, of the total fatty acids, but it is found quite regularly in this 
proportion in different seed fats of these families and is clearly a characteristic, 
although a minor, component of the fats in question. Similarly, hexa- 
decenoic acid, which is relatively abundant in fats of aquatic origin, is present 
as a definitely minor, but quite characteristic, component of the depot and 
the milk fats of the higher land mammals, where it amounts to only about 
3 per cent, of the total fatty acids. 

It has been the custom, in treatises on this subject, to commence the 
descriptive account of natural fats with those of the seeds produced by 
vegetable plants — ^probably because of frequent relative simplicity in the 
component fatty acid mixtures encountered in this group. The detailed 
data which have been gathered in steadily increasing numbers during the 
past quarter of a century have emphasised the fact, already mentioned, 
that natural fats tend to align themselves, by their component acids, in 
groups according to their biological origin, and have also revealed that, to 
put the matter in a few words, the fats of the simplest and most primitive 
organisms are usually made up from a very complex mixture of fatty acids 
whilst, as biological development has proceeded, the chief component acids 
of the fats of the higher organisms have become fewer in number. In the 
animal kingdom this change in type is remarkably progressive and cul- 
minates, in the depot fats of the higher land mammals, in fats in which 
oleic, palmitic and stearic acids are the major components. In vegetable 
seed fats, as a rule, similar simplicity is seen in the major component acids 
but here, in a number of families, fatty acids are found which apparently 
occur nowhere else in nature. 

This sequence of characteristics in the natural fats was remarked upon 
by the writer in 1934—1935 in a Jubilee Memorial Lecture to the Society of 
Chemical Industry, 1 and it was suggested that perhaps, when in the course 
of time sufficiently wide and detailed data have been collected, systematic 
description of the natural fats will commence with those of the minute 
aquatic flora and fauna, will proceed to those of the larger aquatic denizens, 
and then to the two respective branches of land flora and land fauna.'" 
Since this statement was made, further data have been published, notably 
on the fats of primitive aquatic organisms, on those of some amphibia and 
reptiles, and on the minor characteristic components of those of some 
herbivorous mammals, all of which add to the force of the argument that the 
logical sequence of a descriptive account of the natural fats is to take them, 
as nearly as may be, in the order of biological development of their parent 
organisms. 

The chapters which immediately follow are therefore devoted, in that 
order, to detailed accounts of the component acids of the fats of aquatic 
flora and fauna, of land animals, and of land plants. In the next few para- 
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graphs we proceed to give, from this standpoint, a brief general survey of 
natural fats.* 

Component acids of fats of aquatic origin. AU fats of aquatic origin 
contain a typically wide range of combined fatty acids, rdainly of the 
unsaturated series. The unsaturated acids include those containing i6, i8, 
20, and 22 carbon atoms in the molecule (conveniently referred to as 
unsaturated Cig, Cgo, and Cgs acids) in varying, but major propor-- 
tions and in different states of unsaturation ; the only major component 
saturated acid is palmitic acid (usually lo— 18 per cent, of the total acids). 
Myristic and stearic acid (the latter not exceeding 1-2 per cent.) are often 
present in minor proportions, as also may be unsaturated and even 

C24 acids. The proportions of the major component unsaturated acids vary 
considerably, however, in the fats of different kinds of marine organisms. 

Perhaps the most prominent differences are in the component fatty acids 
of fats from sea-water life on the one hand and fresh-water life on the other. 
In fats from all fresh-water life, plant or animal, small or large, the type 
appears to be much the same, the component acids being relatively rich in 
unsaturated C10 and Cjs acids, with low contents of those of the C20 ^nd 
C22 series (the latter often being minimal) ; the unsaturated Cxq acids 
frequently form 30 per cent, or more of the total fatty acids. Whilst the 
relative proportions of the four groups of unsaturated acids are of the same 
order throughout all fats from fresh- water flora or fauna so far studied, 
minor differences are noticeable in the degree of unsaturation, and also in 
the extent to which the acids are combined with higher fatty alcohols or 
glycerol-alcohol ethers (selachyl, chimyl, or batyl alcohols, cf, p. 29) in 
the form of wax esters, in addition to the glycerides (which usually pre- 
dominate). 

In the marine world, on the other hand, definite differences from the 
fresh-water type are often to be observed. The fats of marine diatoms and 
of green marine algse are of the fresh-water type in instances so far studied, 
but those of red and brown marine algae show differences in the relative 
proportions of the various homologous unsaturated members. Also, the fats 
of marine plankton Crustacea (which feed on the diatoms) are considerably 
different from that of their food — ^unsaturated C10 and acids are reduced 
in amount and C^o, and especially C22. acids are correspondingly increased. 
This crustacean fat type persists as a general background throughout almost 
the whole range of marine fish and mammalia, although it may again be 
modified in certain families in various ways. In Elasmobranch fish, for 
example, the triglycerides are often accompanied by abnormal proportions 
of non-fatty compounds, including especially the hydrocarbon squalene and 
sometimes the glycerol ether-esters already mentioned. When these 
substances are also produced in quantity it has invariably been found that 
the unsaturation of the acids in the triglycerides is almost wholly mono- 
ethenoid, while in addition definite proportions (up to 10 per cent.) of a 
mono-ethenoid C24 acid, selacholeic acid, have also been frequently observed 
in these cases. In other families of Elasmobranchs another type of fat is 
found, characterised by very low proportions of non-glyceridic esters and 
extremely high unsaturation in the C22 a.nd C20 acids, which may be present 
in larger quantities than in the previous type. 

* This general outline is, for the most part, an amplification of an article 
contributed to Nature by I>r. J. A. Iwoverh and the present writer in 1936.^ 
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Similar specific variations in the component acids of fats of the more 
developed marine fish and mammalia include the elaboration of esters of 
higher alcohols as well as triglycerides in depot fats of the PhyseteridSe 
(sperm whales) (here, again, the unsaturation of the acids present is abnorm- 
ally low), and that of mixed glycerides of the quite exceptional wo valeric 
acid in those of the Delphinidae (porpoise, etc.) ; such differences are as 
definitely characteristic as those in the anatomical features of the respective 
groups. Other interesting marine animal fats include those of the sturgeon, 
which are of the fresh- water type ; while salmon body fats alter progressively 
as. the fish develop from purely fresh-water to marine animals. 

Component acids of fats of land animals. As we pass from depot fats of 
aquatic to those of land animals we find marked simplification in the mixed 
fatty acids, and in the higher land animals the important component acids 
are almost always the (mono-ethenoid) oleic, C1SH34O2, and the (saturated) 
palmitic, C16H32O2, the latter occurring in much larger proportions than in 
aquatic animal fats, namely, about 25—30 per cent, of the total fatty acids 
— a figure which is roughly the same for the depot fats of widely different 
animals such as the rat, rabbit, pig, sheep, ox, reindeer, horse, and also, 
apparently, birds. Nevertheless, the disappearance of the characteristic 
aquatic '' unsaturated acids of the Cis (mainly mono-ethenoid, hexa- 
decenoic), C^s, C201 ^nd C22 (mono- and poly-ethenoid) series is by no means 
abrupt. 

In depot fats of aniphibians and reptiles, unsaturated Ci^, C20, and C22 
acids are present, but in less amount than in fish depot fats : frog depot fat 
contains 15 per cent, of hexadecenoic and the same amount of unsaturated 
C20-22 acids, that of the lizard 10 per cent, of the Cie, and 5 per cent, of the 
C20-22 acids ; the unsaturation of the C20 and C22 acids, though still high, 
is not so pronounced as in the fish oils. In these fats the proportion of 
saturated acids is not very different from that in '' aquatic fats, and the 
drop in unsaturated C^e, C2o> and C22 acids is balanced chiefly by increase in 
unsaturated C^s (mainly oleic) acid. In the depot fats of rats and of the 
domestic fowl, again, there occur small quantities (6—8 per cent.) of hexa- 
decenoic acid and minor amounts (0*5—1 per cent.) of unsaturated C20 ^-nd 
C22 acids. The latter acids were already known, from the work of J. B. 
Brown and his colleagues, to be present in very small proportions in other 
animal depot fats (for example, pig) and in cow milk fat. n rats, r _ 
ana nens. in contrast to the frog, lizard, and tortoise, the saturated acids of 
the depot fats form 30-35 per cent, of the total acids (palmitic, 25-28 per 
cent.). 

This progressive alteration in the kinds of fatty acid present in the 
glycerides of different types of animals is more clearly seen if a table is 
drawn up giving the general range of values so far observed for the main 
component acids in some of the groups of the larger animals. {See next pctge.) 

Almost all the acids other than palmitic (that is, about 70 per cent, of the 
component fatty acids) in the depot fats of the land animals belong to the 
Cig series. In many cases, apparently (detailed analyses are, curiously, still 
somewhat scanty in this group except for a few common animals), these 
acids are largely unsaturated (oleic, sometimes with polyethenoid acids) ; 
but in the Ungulata, at all events, stearic glycerides occur, often to a marked 
degree, in place of oleic glycerides ; and specific characteristics in the 
constitution of the mixed triglycerides in these depot fats, which place them 
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COMPONENT ACIDS (PERCENTAGE WT.) IN ANIMAL DEPOT FATS 


Fish, fresh-water 
,, marine 
Whales 

Frog 

Tortoise 

Lizard 

Domestic fowl 

Rat 

Pig 

Ox 


Satukateo 


Unsaturated 


Palmitic 

^16 


C 30 



(Hexadecenoic) 

40-45 

ca.l 2 


13-15 

ca .20 

0-5 

12-15 

15-18 

27-30 

20-25 

8-12 

12-15 

15-18 

35-40 

15-20 

5-10 

11 

15 

52 

15 


14 

9 

65 

7 


18 

10 

56 

5 


25-26 

6-7 

ca.60 

0-5-1 


24-28 

7-8 

ca.60 

0-3-0-5 


25-29 

2-3 

50-65 

0-3-1 


27-30 

2-3 

40-50 

0-2-0-5 



apart from most other natural fats, suggest that the stearic compounds 
result from hydrogenation of oleic derivatives (c/. below, p. 20). 

In the depot fats of the land animals there occurs frequently (usually in 
not very large amounts) the linoleic acid, CjL8ll32^2> which is a component of 
many seed fats ; but there is much reason for thinking that this is derived by 
assimilation from the latter. At this point it should, perhaps, also be said 
that the data quoted above refer to animals which have received their 
natural diet ; it is weE known, of course, that higher animals, at all events, 
are able to ingest fats from vegetable seeds, etc., and to lay down some of the 
specific acids of the latter in their depot fats, but this aspect of fat deposition 
has been excluded, so far as possible, in the observations on which this 
survey is based. 

Component acids of mammalian milk fats. These have been studied in 
detail in the cases of comparatively few species. The component acids of 
whale milk fat are almost quantitatively the same as those of its depot fat 
(blubber), and there is reason to believe that the same holds good for the 
milk fats of other marine mammalia and perhaps even for some of the more 
primitive forms of amphibia and land animals. In the higher land animals, 
notably the cow, sheep, and goat, the acids form less of the total acids 
than in the corresponding depot fats, the differences being approximately 
balanced by the appearance of members of the lower saturated fatty acids 
(C4, Cg, Cg, Cio). The same differences which set the glyceride structure of 
the corresponding depot fats apart from that of all other natural fats are 
apparent in the component glycerides of cow and similar milk fats (cf. 
below, p. 20). 

The parallelisms to be observed between fat types and evolution in the 
animal world, as outlined above, are clearly apparent and remarkable. It 
remains now to consider the corresponding sequence in the vegetable 
kingdom. 

Component adds of vegetable fats. In the land flora, as in the fauna, the 
data are most abundant for depot (seed) fats of the more developed land 
plants ; there is at present a great lack of detailed information on the charac- 
teristic fats of the lower forms of land flora and also on the glycerides present 
in the growing parts of the larger plants. Nevert heless, it is interesting 
that the unsaturated hexadecenoic (Cig) acid, so Characteristic of aquatic 
and lower land animal life, has been observed in quantity in the fats of a 
bacillus (diphtheria), of yeast (Saccharomyces cerevisice) ^ and of the spores of 
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a cryptogam {Lycopodium) ; whilst recently it has been shown that hexa- 
decenoic acid is present in very small proportions (not exceeding i per cent.) 
in several of the more common seed ahd fruit-coat fats (groundnut, cotton- 
seed, soya bean, teaseed oils, and olive and palm oils) . 

* There is some evidence that higher aquatic plants, including sub-aquatic 
grasses, have fat closely resembling that of fresh-water algae, whilst the 
glycerides of forage grasses contain unsaturated Cis acids w’hich are seemingly 
not identical with those typical of most seed fats. The component acids of 
the glycerides of seeds (and, when present, of the pericarp or other fruit coat) 
of members of many plant families have, on the other hand, been widely 
studied in detail in recent years. The first thing which is apparent, in 
contrast to fats of aquatic flora, is considerable simplification in the com- 
ponent fatty acids. As in the land animals, palmitic and oleic become the 
most consistently prominent features ; but a third acid, linoleic, must be 
added to these as a component which is of most frequent occurrence. The 
latter acid is either absent, or only present in small quantities, in most fats of 
aquatic origin, but it, and the related still more unsaturated, linolenic acid, 
are amongst the most familiar constituents of the widely distributed class of 
drying seed oils. 

Fruit-coat fats so far examined include (with at present only one or two 
exceptions) palmitic and oleic acids as sole major components, irrespective of 
the plant family in which they occur ; linoleic acid is also frequently present, 
but Visually only in minor quantities- In many seed fats, also, the bulk of 
the component acids is palmitic, oleic, and linoleic in varying proportions ; 
and, in general, seed fats of the same family have a certain resemblance in 
the relative proportions of these component acids. Malvaceae and Bom- 
bacaceae seed fats, for example, are usually high in their content of palmitic 
acid (20—25 per cent.) and also contain about 50 per cent, of linoleic acid. 
The latter acid is prominent in many seed fats of the conifers, of the larger 
dicotyledonous trees and shrubs, and in Rosaceae, Compositae, Labiatae, 
Linaceae, and other families, and also in those of Gramineae, the component 
acids of most of which include about 10—15 cent, of palmitic, 30-60 
per cent, of oleic, and 60—30 per cent, of linoleic. 

^Lan d plants differ, however, from all other natural sources of fats in t hat, 
in man^ other families their seed fats include as major components a fatty 
acid (or acids) different from any of those previously mentioned ; in such 
cases the occurrence of the specific acid is almost wholly confined to one, or 
at the most to only a few, of the natural plant ‘families. Thus the unsaturated 
erucic acici, C22H42O2, is present in quantity in all Cruciferous seed fats ; 
a structural isomeride of oleic acid, petroselinic acid, is similarly found in 
seeds of the Umbelliferae and the closely related ivy ; and the cyclic 
imsaturated chaulmoogric and hydnocaipic acids in many of the Flacourti- 
aceae. Of saturated acids, arachidic (C20) Q-nd lignoceric (C24), which occur 
in minute amounts in many seed fats, only attain major proportions in 
members of the Sapindacese and some of the Leguminosse, whilst stearic acid 
"is present in quantity only in the seed fats of a few tropical families. 
Saturated acids of lower molecular weight (lauric, 0^2 I myristic, C14) are 
similarly characteristic of other, mainly tropical, families ; the composition 
of all Palmse seed fats yet studied is remarkable for close quantitative 
similarity, with lauric (45—48 per cent.) and myristic (16-20 per cent.) as 
main component acids. 
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In a few cases, as in Ricinus communis. Pier amnia sp., or Aleurites 
montana and Fordii, the seed fats of one or two species of a genus elaborate 
quite distinct fatty acids — in the c 3 les mentioned, respectively, ricinoleic 
(hydroxy oleic), tariric (acetylenic), and elseostearic (conjugated triethenoid) . 
The last-named is at present exceptional in that it is quite an unusual plant 
fatty acid, and has yet been observed (in each case in isolated species only) 
in the three distinct families Euphorbiacese, Rosaceae, and Cucurbit aceas. 

Although the bibs5mthesis of these specific fatty components places many 
of the higher land plant families apart from the rest of nature as regards their 
fat types, we are left with the circumstance that the occurrence of these 
unusual features runs on the whole remarkably parallel with the groups into 
which morphologists have placed them. Apart from the widespread 
occurrence of specific component acids in certain plant families, there is 
observed a (probably gradual) simplification in fatty acid composition, 
commencing from the aquatic flora and proceeding in the direction of the 
fruit fats of the more highly developed land plants, similar to that which 
may be traced in the animal world. 

Ivanow 3 and others have pointed to climatic temperature as the factor 
mainly operative in determining the relative saturation of seed fats. Pro- 
duction, in plants of cooler latitudes, of fats solid at the prevailing tempera- 
tures of the atmosphere is in any case not very probable ; but this is not 
evidence that the tropical temperature per se causes or favours development 
of the more saturated fats. Actually, many of the most unsaturated fats 
(those of Aleurites,. Hevea, Perilla, Licania species, to quote only a few) are 
synthesised in the fruits of plants which can only live in tropical or sub- 
tropical conditions. On the other hand, in those plants which thrive in 
either hot or cold climates, the investigators quoted have demonstrated a 
greater production of the characteristic unsaturated acids in seeds from 
plants grown in the cooler regions. 


The Component Glycerides of Natural Fats 

The very striking and characteristic differences in the fatty acid mixtures 
combined as triglycerides in fats from different regions of the vegetable and 
animal kingdoms are not reflected in the manner in which the triglycerides 
themselves are put together ; for, with apparently few exceptions (to which 
reference is made later), the fatty acids seem to be woven into molecules of 
triglycerides on the same simple general principle, whatever their place of 
origin may be — ^vegetable or animal, depot (reserve) or ** tissue 
(organ) fat — and whatever may be the particular mixture of acids present 
as component fatty acids. This simple principle (which has already been 
mentioned) is that nature strongly favours the elaboration of " mixed, 
and not simple, triglycerides. Consequently any individual triglyceride 
molecule tends towards maximum heterogeneity in its composition ; but, 
simultaneously if paradoxically, this may lead in some cases towards closer 
homogeneity, or fundamental sirnilarity, in the triglycerides considered as a 
whole. 

This will be seen if we consider a hypothetical case of a fat containing three 
different acids. A, B, C, combined in equimolecular proportions with the 
trihydne glyceryl radical C3H5 • (which may be written as G). The following 
combinations of three glvcerol and nine fatty acid molecules are possible : 
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(i) 

G(A3) 

G(B 3 ) 

G(C 3 ) 

(ii) 

/GCAaB) 

rG(B2C) 

/G(C2A) 

\G(A3C) ■ 

\G(B2A) 

\G(C3B) 

(iii) 

G(ABC) 

G(ABC) 

G(ABC) 


Thus the exclusive presence of simple triglycerides G(A3), etc., would, 
of course, result in a fat which was a mixture of three compounds, while that 
produced by the exclusive occurrence of triglycerides each containing only 
two different acids might lead to a still more heterogeneous mixture of six 
components. On the other hand, complete formation of the heterogeneous 
triglyceride molecule G(ABC) might result in the production of a single 
individual compound. 

If we take another hypothetical case in which a fat contains only two 
fatty acids, with one of the latter (Y) in much greater amount th^-n the 
other (y), the possibilities are as follows ; 

(i) G(Y 3 ) G(y 3 ) 

(ii) G(Y3y) GCy^Y) 

If, in natural fats, the component fatty acids were strictly distributed, 
according to their relative proportions, as evenly as possible amongst all the 
glycerol or glyceride molecules, the presence of an equimolecular mixture of 
three acids would result in the corresponding fat being an individual com- 
pound G(ABC), whilst in the other imaginary example we have considered 
we should expect the corresponding fat to contain a very large proportion of 
the mixed triglyceride G(Y2y). 

This is, in fact, the main principle which seems to be operative in the 
structure of natural fats. Since the number of even the major component 
acids in a fat often exceeds three, and rheir relative proportions vary widely, 
as we have seen, in different cases, it is not often that we encounter instances 
which approach in simplicity the hypothetical combinations which have 
just been discussed. Furthermore, fats, as products of a series of complex 
changes in a living organism, need not be expected to conform rigidly — and 
indeed rarely do so — ^to the exact demands of a numerical formula. Thus, 
where it has been possible to study seed fats containing, for example, twice 
or more than twice as much saturated as unsaturated acids, it is found that 
the triglycerides which contain saturated and unsaturated acyl groups are 
not wholly made up of disaturated-mono-unsaturated glycerides G(S2U), 
but contain a mixtute of about 75—80 per cent, of this form with 25-20 per 
cent, of monosaturated-di-unsaturated glycerides G(SU2)- Any excess of 
saturated acids above the mean ratio demanded by this mixture (or ** associa- 
tion ratio,” as it has been called,^ of about 1*4— 1*5 mols. of saturated per 
mol. of unsaturated acid) appears as fully saturated triglycerides, G(S3) . 

It has been pointed out that this general tendency to produce, as it 
were, as little of simple triglycerides (containing three radicals of the same 
fatty acid) as possible, and to concentrate on the production of molecules of 
mixed triglycerides is extremely marked throughout the whole range of 
natural fats.* Within this broad and, on the whole, accurate generalisation, 
there are, however, a few exceptions or, rather, modifications to be con- 
sidered ; these instances are nevertheless by no means modifications in the 

* Natural fats should be defined, in fact, as ** mixtures of mixed tri- 

glycerides.’" 
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sense of presenting a greater proportion of simple triglycerides, but rather 
the reverse — extensions, as it were, of the principle of heterogeneity of 
molecular triglyceride structure. To describe the evidence on which the 
above statements are based involves the detailed consideration of many 
specific cases, and their cpmplete explanation must, therefore, be deferred 
until the component glycerides of the different classes of natural fats are 
being fully discussed in Chapters VI and VII. It is desired at this stage, 
however, to offer a rapid survey of the subject analogous to that attempted 
in the preceding pages on the component acids of the fats. 

It is fair to preface such a survey by a word on the differences in the 
experimental technique necessary for handling each aspect of the subject. 
The determination of component acids in a fat, although somewhat com- 
plicated and lengthy, is usually a matter of reasonable accuracy and pre- 
cision. The state of affairs as regards the component glycerides of a fat is 
very diEerent. Except in a few special cases, physical methods of separation 
are incapable of giving more than, at best, a very partial separation of the 
natural mixture of mixed triglycerides into a series of somewhat simpler 
mixtures. Chemical methods of attacking the problem must therefore be 
sought, and these are restricted by the nature of the compounds to be 
studied (including, in particular, the necessity for avoiding any undesired 
hydrolysis of the glycerides in the course of any of the processes used). 
The experimental attack is, as a matter of fact, frequently indirect in nature. 
These and similar conditions combine to make the investigation of glyceride 
structure, especially on a quantitative basis, a much more involved and 
tedious business than that of the component acids alone. It may be added 
that quantitative study of component glycerides in natural fats has only 
been undertaken since about 1927. 

Component glycerides of marine animal fats. The large number of 
component acids in these fats, and their highly unsaturated nature, causes 
the mixture of component glycerides to be very complex and their study to 
be almost beyond the reach of the methods available. Nevertheless a few 
members of this group, notably whale oil, cod liver oil and a few other 
fish oils, have been investigated by converting the mixed glycerides into 
bromo-additive products,’*' many of which are crystalline at room tempera- 
tures or somewhat lower ; the brominated glycerides have been separated 
by fractional crystallisation from appropriate solvents and in a number of 
cases individual mixed brominated glycerides have been identified. The 
results suggest that, in this group of fats, most of the triglyceride molecules 
contain at least two, and frequently three, different acids in combination. 
Study of the fully saturated glycerides produced at various stages of catalytic 
hydrogenation ('* progressive hydrogenation f) of whale oil and cod liver 
oil has also given results which point clearly to the presence of many mixed 
glycerides in these fats. Even the unusual isovaleric acid of the depot fats of 
the dolphin and porpoise has been shown ^ to be present therein hot to any 
notable extent as ‘‘ tri-isovalerin '' but almost wholly in the form of mixed 
triglycerides in which one or two acyl radicals are those of the typical higher 
fatty acids of the marine oils. 

So far as experimental evidence goes at present, therefore, it is wholly 
in favour of the view that the triglyceride molecules of marine animal fats 

* See Chapter V, p. 185. 

t See Chapter VII, pp. 229, 230, 
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are extremely heterogeneous in character. The marine animal fats appear 
to be consistent and pronounced instances of what is conveniently termed 
the rule of even distribution ; the fatty acids are distributed evenly or 
indiscriminately through the triglyceride molecules, so that (because of the 
large number of different fatty acids present) very many of these contain 
three different acyl groups. 

Component glycerides of land animal fats. It has been mentioned that 
the fats of higher land animals have been observed to contain considerable 
and approximately constant proportions of palmitic acid (25-30 per cent.). 
Nevertheless, so long as only minor proportions of other saturated acids are 
present, only very small proportions (2-3 per cent.) of fully saturated 
glycerides have been detected in these fats. The determination of the 
amount of fully saturated glycerides * (i.e. triglycerides in which all three acyl 
groups are those of saturated fatty acids) can be effected fairly easily by 
the method first described by Hilditch and Lea,® whereby all unsaturated 
glycerides are converted (by oxidation in acetone solution with finely 
powdered potassium permanganate) into acidic glycerides and only the 
fully saturated components remain eventually as neutral compounds. The 
absence of any appreciable amount of fully saturated glycerides (e.g, tri- 
palmitin) from animal depot fats in which 30 per cent, of palmitic acid is 
included shows that the latter is present almost wholly in the form of mixed 
palmito-unsaturated triglycerides and, thus far, that the usual tendency 
towards maximum mixed-glyceride formation is in evidence- More detailed 
examination of any fat in this group does not seem yet to have been made, 
except in the case of hen body fat .7 Here the amount of dipalmitostearin 
obtained after complete hydrogenation of the fat f was unusually large 
(compared with the small amounts present, for example, in pig or ox depot 
fats), and it is thought that it may possibly have been produced from 
palmito-hexadeceno-oleins (hexadecenoic acid occurring to the extent of 
about 7 per cent, of the component acids). 

In the depot fats of the pig, ox, sheep, and some other herbivorous animals, 
in which stearic acid attains more important proportions (in addition to the 
usual 25—30 per cent, of palmitic acid) the proportion of fully saturated 
glycerides becomes considerable even when the total amoimt of saturated^ 
acids is still below 60 per cent, of the total fatty acids present. The same 
feature is observed in the milk fats of this group of animals and, although it does 
not connote any closer approach to a simpler type of glyceride structure, it 
indicates an important general characteristic in the component glycerides of 
these fats. They are therefore considered as somewhat outside the customary 
series of natural glycerides and are grouped below with other departures 
from what appears to be the general rule of even distribution." 

Component glycerides of vegetable fats. Seed fats and fruit-coat fats 
have been more fully studied with reference to their glyceride structure than 
any others except pig, ox, and sheep depot fats, mainly because the com- 
parative simplicity of the mixtures of component acids present in many 
cases causes the fats in question to lend themselves more readily to the 
chemical methods of investigation of the glycerides. Much information has 
been obtained by determination of the fully saturated glycerides present ; 

* See Chapters VI, pp. 188-192 ; XI, pp. 405-409. 

■f See Chapters VII, p. 244 ; XI, pp. 409—412. 
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in addition two other procedures have been frequently employed, namely, 
examination of the fuUy saturated and mixed saturated-unsaturated gly- 
cerides present in a series of fats which have been progressively hydrogenated 
to different extents,* and determination of the tristearin content of a com- 
pletely hydrogenated fat -f (this, of course, gives the approximate amount 
of all the triglycerides made up only of C^g acids (whether stearic, oleic, 
linoleic, or linolenic) which are present in the original fat). 

Fruit-coat fats. Palm and olive oils, and Chinese (StilUngid) vegetable 
tallow are familiar examples of this class. The component glycerides of 
fruit-coat fats seem for the most part to be of the '' evenly distributed'' 
type. Thus palm oils contain almost 90 per cent, of mixed dipalmito- 
oleins " J and palmitodi-"' oleins," whilst olive oil (the mixed fatty acids 
of which include about 75 per cent, oleic and 8 per cent, linoleic acid) contains 
not much more than 60 per cent, of oleo-linoleic glycerides and probably less 
than 50 per cent, of triolein. The simple triglyceride, tripalmitin, however, 
is frequently present in fruit-coat fats : in palm oil this may amount to 
7-10 per cent, of the whole fat whilst olive oil (with only 10 per cent, of 
palmitic acid) contains 2 per cent, of tripalmitin. On the other hand it is 
almost, if not wholly, absent from other fruit-coat fats, such as piqui-a," 
which, like palm oils, contain 35-45 per cent, of palmitic in their mixed 
fatty acids. 

Seed fats. However varied the fatty acids in seed fats may be, the 
resulting triglycerides are, almost without exception, fundamentally similar 
in type. No simple triglyceride appears unless one acid is so much in excess 
of the others that this necessarily happens. Thus, if the amount of tri- 
glycerides wholly made up of saturated acids is compared with the proportion 
of saturated acids in the total fatty acids, it has been found that fully 
saturated glycerides do not appear in quantity until saturated acids form 
more than 60 per cent, of the whole. In the latter case the amount of fully 
saturated glycerides present is approximately that left over after the maxi- 
mum amount of mixed glycerides has been laid down so as to contain relative 
proportions of about 60 of saturated to 40 of unsaturated acids. [It will be 
noticed that, to use the terminology on p. 15, a mixture of about 3-4 mols. 
of G(Y2y) " with one of '' G(Yy2) " appears to be the rule, rather than 
exclusive production of G(Y2y),"] 

The solid seed fats have given much detailed information on glyceride 
structure, because in many cases there is sufficient of fully saturated 
glycerides for the component acids of the latter to be determined by the 
ester-fractionation procedure. Moreover, in certain instances where the 
fats are composed substantially of only oleic with two saturated (e.g. 
palmitic and stearic) acids, considerable proportions of mono-oleo-disaturated 
glycerides are present ; these give rise during permanganate-acetone oxida- 
tion to the corresponding moho-azelao-glycerides, which can sometimes be 
utilised for further characterisation of the mono-oleo-glycerides |1 (the 
azelao-saturated glycerides are^ however, unfortunately very prone to 

See Chapter VI, pp. 194^197. * 

t See Chapters VI, p. 194 ; XI, pp. 409-412. 

I For convenience, where, as often happens, the nnsaturated acids consist 
of 80—90 per cent, of oleic with 10—20 per cent, of linoleic acid, they are referred 
to together as “ oleic " acid or, as glycerides, “ oleins.^* The absence of inverted 
commas denotes that oleic acid as an individual compound is to be understood. 

II See Chapters VI, pp. 210, 212 ; XI, pp, 406, 407. 
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hydrolysis, and are also very difficult to obtain free from admixed nonanoic 
acid — another by-product of the oxidation ; their utility is hence somewhat 
limited). The mono-oleo-disaturated glycerides of certain seed fats seem 
to give rise to j8-azelao-disaturated glycerides, which implies that the former 
occur as ^-oleo-glycerides only ; ) 3 -oleo-aa'~distearin, for example, in 
Allanhlackia and Palaquium fats. Similarly, in liquid seed fats (e.g. cotton- 
seed oil) in which palmitic forms less than 30 per cent, of th^ total acids and 
is practically the only saturated acid present, ^-palmitodistearin has been 
observed to be the only form of palmitodistearin produced by catalytic 
hydrogenation. 

The selective production of one isomeric form of a triglyceride (which 
appears, incidentally, to hold, at least in some cases, in animal as well as in 
vegetable fats) is rather striking, especially in its contrast to the mixed 
character of the natural glycerides as a whole. Apparently the fatty acids 
are interwoven with the glycerol molecules so as to avoid, where possible, 
approach to triglycerides containing identical acyl radicals but, concurrently, 
the mixed glycerides are not produced indiscriminately, but are given pre- 
ferred configurations. From the evidence available (much too slender at 
present to be conclusive) it might be conceived that the acid present in 
lesser quantity may take up the or central position in the glycerol 
molecule. 

The most recent advances in studies of glyceride structure also belong 
to this group of solid seed fats. By preliminary partial separation of the 
original fat into two or three fractions of differing solubility in acetone,* 
followed by detailed study of each fraction by a combination of the methods 
previously mentioned (pp. 17-18), it has been found possible to state, within 
approximate limits, the amount of each of the maj or component glycerides 
present. 

The similar study of liquid vegetable fats, such as cottonseed, olive or 
linseed oils, requires other methods in addition to the determination of fully 
saturated glycerides (which in these cases usually merely demonstrates their 
absence). The content of glycerides wholly made up from acids can, 
however, be ascertained by two procedures, namelj’^, study of the glyceride 
structure of the oil after progressive hydrogenation to varying degrees, t 
and estimation of the tristearin content of the completely hydrogenated fat.f 
In all cases so far studied, the results obtained by the application of either 
method indicate that the quantity of tri-C^s glycerides present in each fat is 
near to the minimum possible (which may be calculated from the composition 
of the mixed fatty acids of the oil) . This proves that the usual '' rule of even 
distribution,'" i.e. the avoidance as far as possible of simplicity in individual 
triglyceride molecules, is followed in the liquid seed fats which have been 
examined, just as it holds for the solid seed fats ; in other words, that the 
glyceride structure is independent of whether, in the acids concerned, 
saturated or unsaturated acids predominate. It is also in harmony with 
qualitative observations on the separation of various components of some 
liquid seed fats in the form of bromo-ac^itive products. 

Digressions from the usual “ evenly distrilbuted ** type of glyceride 
structure. The only instances in which any notable divergence has been 

* See Chapters VI, pp. 198—203 ; XI, pp. 412-416. 
t See Chapter VI, pp. 194—197. 
t See Chapters VI, p. 194 ; Xt, pp. 409—412. 
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observed from the principles of glyceride structure described in the preceding 
pages are enumerated below : 

1. Depot and milk fats of the Ungulata {ox, sheep, pig, buffalo, etc.). It 
has already been mentioned that in the depot fats of this group, in which 
stearic acid is an important component, the structure of the mixed glycerides 
is also distinctive : the amount of fully saturated glycerides (mixed palmito- 
stearins in these cases) is much greater, for a given ratio of saturated to 
unsaturated acids in the whole fat, than in evenly distributed seed fats 
of corresponding composition. For example, we have seen that seed fats, 
whose mixed fatty acids contain 6o per cent, of saturated acids, still contain 
almost negligible quantities of fuUy saturated glycerides ; but a tallow of 
similar general composition (i.e, with about 30 per cent, of palmitic and 
25 per cent, of stearic acid in the mixed acids) contains about 26 per cent, 
of palmitostearins. In the other direction, pig back fats may contain as 
little as 7 per cent, of stearic acid with the usual 25 per cent, of palmitic 
acid (thus far resembling rat or bird fats) ; in such cases the amount of 
fully saturated glycerides is very small (about 2—5 per cent.) and the fat 
conforms more nearly to the usual evenly distributed " type. Between 
these extremes, tallows and lards contain stearic and oleic acids in proportions 
which vary more or less inversely, the sum of the two being fairly constant 
in any one specimen of depot fat ; and the greater the amount of stearic 
acid (with correspondingly less oleic acid) the greater is the proportion of 
fully saturated glycerides. 

The corresponding milk fats (the component acids of which, in addition 
to about 25 per cent, of palmitic and somewhat varying amounts (35—45 per 
cent.) of oleic acid, include important proportions of butyric and other 
saturated acids of low molecular weight as well as some stearic and myristic 
acids) are exactly similar to the depot fats in their unusually high propor- 
tions of fully saturated glycerides. Indeed, when the content of fully 
saturated glycerides is plotted graphically against the total amount of 
saturated acids in the mixed fatty acids, the whole series, for both depot and 
milk fats, lies on a smooth curve. 

The increase of stearic at the expense of oleic acid in the more saturated 
depot fats is in conformity with saturation or hydrogenation of an initially 
more unsaturated fatty acid mixture ; the parallel increase in fully saturated 
glyceride contents suggests that it is preformed oleic glycerides, not acids, 
which are undergoing hydrogenation. In the milk fats it has been suggested 
that, similarly, the lower saturated fatty acids may be produced in the 
mammary gland, by simultaneous oxidation and reduction processes, 
from preformed oleic glycerides. For further discussion of these points, 
however, the reader must be referred to later chapters (III, pp. 79, 83, 100 ; 
VII, pp. 239-243). 

2. Vegetable fats, (a) Fruit-coat fats. It has been pointed out (p. iS) 
that some frmt-coat fats contain definitely more tripalmitin than would be 
expected according to the usual operation of the rule of even distribution.'" 
This was first noticed in the cases of palm oils and ohve oils, and put forward 
as a fairly well-marked exception to the rule, although admittedly the actual 
proportions of fully saturated glycerides were not, in the nature of the case, 
very large. Later studies of other, less common fruit-coat fats have uni- 
formly shown the latter to be built up wholly on the principle of " even 
distribution." It appears uncertain at the moment, therefore, whether it is 
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more accurate to say that some fruit-coat fats are somewhat anomalous 
in glyceride structure/' or that "" all fruit-coat fats, with the exception of 
palm oil and olive oil, closely follow the rule of even distribution." 

(b) Seed fats. Out of the numerous examples which have now been 
examined, only two seed fats, those of Laurus nobilis (laurel oil) and 
Myristica malaharica show pronounced divergence from the usual evenly 
distributed" structure. No apparent explanation is available to account 
for these two cases which curiously (like palm and olive oils in the fruit-coat 
fats) were encountered in the earhest days of quantitative study of glyceride 
structure. The fat of Myristica malaharica, however, is also notable for 
containing considerable amounts of resin acid, apparently combined as 
glyceride. 

This is not to say, of course, that maximum even distribution is to be 
observed in any particular seed fat. The group of solid seed fats which have 
about 6o per cent, of saturated acids in the total acids, and of which cacao 
butter is a famihar example, usually contain very minor amounts (frequently 
about 2 per cent.) of fully saturated components. Small variations of this 
order do not, of course, affect the validity of a generalisation applying to a 
widely diverse group of natural products. Similarly, but less frequently, 
in the same class of fats, the presence of a very small amount of triolein has 
been detected (incidentally, it may be remarked, the detection of a small 
proportion of triolein is much more difficult than that of the same proportion 
of fully saturated glycerides). It may be significant, however, that the 
simple triglyceride triolein has been less often detected in these cases than 
the fully saturated components, which are almost invariably, in this group, 
mixed palmitostearins. 

It is hoped that this somewhat lengthy introduction will serve to outline 
the method of treatment to be adopted in the following chapters, and to 
indicate the chief aspects of the field which are treated in the latter in fuller 
detail. 


References to Chapter I 

1. T. P. Hilditch, Chemistry Industry, 1935, 54, 139, 163, 184. 

2. T. P. Hilditch and J. A. Lovem, Nature, 1936, 137, 478. 

3. S. Ivanow, Bull, of Applied Botany cS* Plant Breeding, Leningrad, 1922-23, 

13, No. 2 ; Ahderhalden' s Fortschritte der Naturwiss. Forschung, 1929, 
5, I (New Series). 

4. G. Collin and T. P. Hilditch, Biochem. J., 1929, 23, 1273. 

5. J. A. Lovem, Biochem. J., 1934, 28, 394. 

6. T. P. Hilditch and C. H. Lea, J. Chem. Soc., 1927, 3106. 

7. T. P. Hilditch and W. J. Stainsby, Biochem. J., 1935, 29, 599. 



CHAPTER II 
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THE COMPONENT ACIDS OF FATS OF AgUATIC FLORA 

AND FAUNA 

It was pointed out in the previous chapter that the general analytical 
characteristics of fats are usually insufficient to define their specific 
composition — detailed data for at least the major component acids are 
required for this purpose. Attention must, therefore, be concentrated upon 
the results of comparatively recent analyses made by means of the fractional 
distillation of esters of fatty acids which have been given a preliminary 
separation by taking advantage of the differing solubilities of their lead (or 
lithium) salts in appropriate organic solvents.* Such analyses, although 
now fairly numerous, cover only a small fraction of the natural fats of which 
the average analytical characteristics have been determined, and, of course, 
a still smaller proportion of the fats which exist in all the diverse organisms of 
plant and animal life. The detailed data, on which we must depend for the 
present purpose, therefore represent at the moment, as it were, a very rough 
sampling of the total material — a sampling which, moreover, is very uneven, 
the data being much more abundant, for example, for seed fats than for 
fats of aquatic flora, and so on. A cautionary word is thus advisable, to 
warn the reader that the subject, as about to be described, is in a state of 
very active development. The broad outlines have been defined, and in 
many groups details of specific differences have been filled in equally defin- 
itely ; but, in other groups which have so far received less thorough investi- 
gation, we may anticipate that further research will lead to fresh developments 
and, it may well be, some modification of the descriptions and classifications 
given in this and the next few chapters. 

The general analytical characteristics of an exceedingly large number of 
fish oils have been recorded, and in nearly all cases it has been found that the 
mixed fatty acids yield fairly large proportions of ether-insoluble octa- and 
deca-bromo addition products (usually amounting to 30-50 per cent, of the 
total weight of the mixed fatty acids). In most cases, also, the percentage 
of saturated acids has been determined by the lead salt method, and in a 
number of instances (more especially in the hands of Japanese workers) 
the proportion of highly unsaturated acids with acetone-soluble lithium 
salts has also been given. Such data are at best, however, only partial when 
dealing with the complex mixture of component acids characteristic of marine 
animal fats. 

The ester-fractionation method of analysis leads to figures for the per- 
centages of each saturated acid and of each group of unsaturated acids of 
the same carbon content, with a value for the mean state of unsaturation 
of the latter. The mean unsaturation is conveniently expressed by the 
number of hydrogen atoms necessary to restore a molecule of the acid to the 

* See Chapter XI, pp. 370-372. 
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saturated state : thus (4) indicates an average unsaturation corresponding 
with two double bonds, but does not necessarily imply only the presence of a 
diethylenic acid. 

In the complex mixtures of acids encountered in fats from aquatic 
sources, the order of accuracy of the ester-fractionation analyses is probably 
less than in those of simpler fatty acid mixtures, but the divergence from the 
truth is unlikely to exceed 2 or 3 units per cent, in extreme cases. This 
degree of uncertainty does not have a serious effect for the present purpose, 
because the type differences which are discernible involve differences of 
5—10 units per cent., or even more, in the proportions of one or other of the 
component acids. 

So far as it is possible to determine at present, it would appear from the 
general characteristics already referred to that most fats of aquatic origin 
possess compositions of the same type as those of their respective classes for 
which detailed fractionation data are available. The detailed analyses, at 
the same time, demonstrate clearly that different groups of aquatic organisms 
display certain subordinate type differences in the proportions of the various 
major component acids. It is curious, nevertheless, that in very many cases 
throughout the whole series of marine animal oils the total proportion of 
saturated acids is relatively constant and in the neighbourhood of about 
20 per cent., whilst, similarly, palmitic acid most frequently forms from 12 to 
15 per cent, or thereabouts of the mixed fatty acids. 

Fats from the various forms of aquatic life will now be discussed, com- 
mencing with those of vegetable and lower animal organisms. 


Component Acids of Fats of Aquatic Flora and Micro-fauna 

The presence of the characteristic highly unsaturated C2o-£2 acids of 
fish fats in a large number of algae was observed in 1925 by Tsujimoto,^ 
who isolated them in the form of ether-insoluble polybromo-additive pro- 
ducts, but noticed that the yield of the latter was much less than in the case 
of the majority of fish liver oil acids. Later, Collin 2 made partial analyses 
of small quantities of fats from plankton collected by Dr. E. R. Gunther and 
Prof. J. C. Drummond, with the following approximate results : 


Zooplankton 

Fat 

(Per Cent.) 

Saturated acids 17*3 

Highly unsaturated acids (from ether-insoluble poly^ 

bromides) 9*6 

Highly imsaturated acids (from acetone-soluble lithium 

salts) 43*6 

(iod. val. 311) 


Phytoplankton 

Fat 

(Per Cent.) 
15*5 

2*1 


Detailed analyses of fats from several species of algae, both marine and 
fresh-water, were given by Lovern 3 in 1936 (Table i, p. 25). 

We shall shortly see that the fats of aquatic animals, large and small, 
differ typically in their proportions of certain component acids according to 
whether the habitat of the animal is salt- or fresh- water. From the informa-* 
tion so far available in Table i, however, it seems that this distinction does 
not hold in the case of aquatic plants. Lovern {loc, cit,) makes the following 
comments on his results : 
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“ In tlie algae the properties seem to follow the colour grouping. Of the green 
algae three were fresh- water species and one marine. 

The saturated acid percentages show great irregularities throughout, but for 
the unsaturated acids some interesting correlations occur. For the green algse 
(Chlorophyceae) the predominating unsaturated acids are those of i6 and i8 
carbon atoms, with little Cgo and little or no acids. The degrees of average 
unsaturation of the C^g and Cig acids are unusually high. In the brown algae 
(Phseophycese) , C^g unsaturated acids have not the same importance, C^g acids 
are outstanding, and Cgg acids are present in somewhat greater proportions than 
for most green algae. The Cig acid is mono-etbylenic only, and the C^g acids 
are not on the whole of an unusually high degree of unsaturation. For the one 
red alga (Rhodophyceze) examined acids are the major constituent and 
appreciable quantities of C 22 acids are present. C^g unsaturated acids, whilst 
not present in large amounts, are again of a relatively high degree of average 
unsaturation. 

Turning to the higher plant A'nacharis alsinastrum, we find a fatty acid 
mixture very similar to that of green algae. 

The marine diatom Nitzschia closterium has a fatty acid mixture also closely 
resembling that of a green alga, although this diatom is brown in colour. 

” Taking these fats as a whole it may be said that the fats of all the green 
algae, the pond weed and the diatom are of a type very similar in many respects to 
fresh-water animal fats. The brown algal fats are really of a class by themselves, 
blit more like a fresh -water than a marine animal fat. The red algal fat is the 
only one approximating in composition to a marine animal fat." 

Further analyses by Harper ^ of the pond weed (A . alsinastrum) glycerides 
from the same source, but collected at different times, have given the 
following results ; 


Date of Collection 

November 1934 

July 1935 

July and 


(Lovem,® cf. 

(Harper 

October 1935 


Table 1) 


(composite) * 

Component acids (weights per cent,) 



(Harper 

Saturated 




Ci4 

2 

2 


Lib 

15' 

21 

16 

Lis 

5 

2 

3 

Lgo 



1 

Unsaturated 






3 

3 


2 

6 

2 


25 

20 

6 

Li8 

39 

39 

64 

L 20 

12 

7 

5 


* About one-third of this material was collected in July and was probably the same as 
that analysed under “ July 1935.” 


It is evident that two essentially different types of fatty acid mixture 
have here been encountered ; both belong to Lovern's general “ fresh- 
water, and not to his * marine type, but the specimen with a very high 
unsaturated acid content (the component acids of which somewhat 
resemble those of the marine alga Fucus vestculosus, Table i) shows therein 
a transition towards the typical fats of the higher land plants. 

Perhaps the most interesting feature of Table i is the clear indication 
that m the algae fats (as in the seed fats of the higher plants) the compositions 
fall into ^oups agreeing with their botanical relationships, . irrespective of 
their habitat (fresh-water or marine). 

0:^y a few fats of minute aquatic animal organisms have so far been 
examined (Table 2, p. 26), but here the typical distinction between fresh- and 
salt-water fats is at once seen. 



TABLE 1. COMPONENT ACIDS {WTS. PER CENT.) OF FATS OF ALGAE, ETC. 

Saturated Unsaturated 
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So far as this evidence goes, the fresh-water micro-fauna exhibit fats 
with typically high contents of unsaturated Cig and Cig acids, and almost 
complete absence of unsaturated C22 acids, whereas the marine copepod fat 
is rich in unsaturated C22 acids and low in its content of unsaturated Ciq 
and C18 acids. D. gracilis fat is the '' least typically fresh-water fat of 
the three, but even here the entire lack of C22 acids and the high content of 
unsaturated Cig acids would put this fat into the fresh- water '' group . 

In all the fats enumerated in Tables 1 and 2 , a point of interest is the 
extremely high average unsaturation of the C^g and C20 acids, together with 
the presence of polyethenoid C^g acids in nearly all cases. In the fats of 
more developed aquatic animals, almost all the unsaturated Cig acid is made 
up of hexadecenoic acid, and only very minor amounts of polyethenoid 
C16 acids are present. It is also to be noted that all the fats in question 
contain large amounts of '' unsaponifiable matter,"' and that the presence of 
higher fatty alcohols is strongly suggested, although not definitely proved ; 
the latter were also noticed in the zooplankton fats examined by Collin. 2 

Component Acids of Fats of earger Aquatic Invertebrates 

Only two component fatty analyses seem to be available at present in the 
case of somewhat larger invertebrates, namely, the mussel and the prawn. 

Lovem ® has separated the fatty matter of mussels {Mytilus edulis) 
into mainly glyceride (59—68 per cent.) and mainly phosphatide (41—32 per 
cent.) fractions, and records the following amounts of the usual fatty acids 
for each fraction : — 


Component Fatty Acids 

Glycerides 

Phosphatides 

(weights per cent.) 



Saturated 



Ci4 

2 

— 


17 

27 

Cx8 

2 

6 

Unsaturated 



Ul4 

Trace 


Cia 

11(— 2*5H) 

5(— 3-2H) 

Cl 8 

21 (— 41H) 

17(— 4-OH) 

C 20 

30(— 7-3H) 

32(— 60H) 


14(— 9-3H) 

13 ( 


These acids formed about 80 per cent, of the total acidic matter recovered from the 
phosphatides ; of the remainder, about half were highly unsaturated acids of higher 
molecular weight (mean ca. Caa) and about half acids of a non-fatty nature, not 
esterified by methyl alcohol in presence of sulphuric acid. 

The glyceride acids belong to the typical " marine fat " class, and 
resemble those of the lower marine animals (Table 2 ) more closely than those 
of the larger fish. The phosphatide acid figures are interesting because they 
show divergences from the glyceride acids, some, but not all, of which 
resemble those observed between the phosphatide and glyceride fatty acids 
of the liver fats of some of the larger land mammals (c/. Chapter III, 
pp. 89-92). 

Klem 7 obtained figures of a somewhat similar order for the total fatty 
matter of the prawn {JLeander serratis). The prawn oil, which amounted to 
about 1*5 per cent, of the (wet) weight of the prawns and contained 6*6 per 
cent, of unsaponifiable matter, contained acids of the following approximate 

27 



CHEMICAL CONSTITUTION OF NATURAL FATS 

composition : saturated series — Cj4 1*5 per cent., C^q 9-5 per cent., C^s 
2 per cent., C20 traces ; unsaturated series — C14 0*5 per cent., C^q 13 per 
cent. (~2H), C18 32 per cent. (~3‘3H), C20 34 per cent. (--6H) and C22 
7 per cent. ( — loH). 

Although the individual instances of fats from lower aquatic organisms 
so far studied are few in number, the relationships disclosed in their com- 
ponent fatty acids are of definite interest when compared with those disclosed 
by the corresponding and more abundant investigations which have been 
made of the component acids of fats from fish and marine mammalia. 

Component Acids of Fish Fats 

The compositions of the fatty acids of many fish oils — either flesh oils 
or, most often, liver oils * — are now known with reasonable certainty, but 
even here, of course, those which have been investigated in detail are a very 
smaU fraction of the whole of the group. It was recognised many years ago, 
naturally, that the properties of the marine animal oils differed from those of 
most other then known fats, especially in their very unsaturated character 
and the avidity, with which they absorb oxygen from the air and become 
partially converted into viscous and gum-like materials. A few historical 
notes on the recognition of some of the qualitative features of the group may 
be of interest before we discuss more fully the fish oil fatty acids as known at 
the present time. 

One of the most prominent specific component acids of marine animal 
oils, hexadecenoic acid, C16H30O2, was recognised as a constituent of the 
head oil of the sperm whale by Hofstadter,^ who therefore called it '' physe- 
toleic acid/' as far back as 1854, in 1898 Ljubarsky ® noticed the same 
acid in seal oil. It seems to have been first recorded in a fish (as distinct 
from a marine mammal) in 1906 by Bull,io who isolated it in a fairly pure 
condition from cod liver oil, confirmed its formula as CiqH3o 02, and con- 
verted it into a dihydroxypalmitic acid ; Lewkowitsch suggested the 
name palmitoleic acid by which it is usually known in Europe and America. 
Toyama 12 and other Japanese chemists, from about 1924 onwards, isolated 
the same acid from a large number of Pacific fish and whale oils under the 
name zoomaric acid ; its chemical constitution having been shown in all 
cases to be that of '^^-hexadecenoic acid, it seems preferable, perhaps, to 
refer to it by its systematic name and to allow the use of the older specific 
names to lapse. 

Of other characteristic mono-ethenoid acids of fish oils, gadoleic acid, 
C20H38O2, was also discovered in cod liver oil by Bull 10 in 1906, and shown 
later by 'Toyama et al. to be A^*^®"6icosenoic acid; the corresponding 
acid C22H42O2, termed cetoleic acid by Toyama,^^ was shown by this worker 
to have the constitution of * ^^-docosenoic acid. Tsujimoto drew 
attention in 1927 to a A’s^i^-tetracosenoic acid, C24H46O2, in shark oil 
which he named selacholeic acid ; this acid frequently occurs in the oils of 
Elasmobranch (cartilaginous) fish, but has not yet been detected with 
certainty in those of any of the Teleostid group. It is identical with the 
nervonic acid obtained by Klenk from- brain cerebrosides. 

It should be noted that the livers of many fish, in contrast to those of land 
animals, are often rich in fat and frequently serve as the main fat depot of the 



COMPONENT ACIDS OF FATS: FISH (LIVER FATS) 

The components to which the oxidisahility of fish oils is mainly due are 
polyethenoid acids of the Ci8> C2o^ C22, C24., and even, perhaps, C26 series, 
those of the C20 a-nd C22 groups being by far the most abundant. Clupan- 
odonic acid, belonging to this series, was isolated by Tsujimoto in 1906 
from Japanese sardine oil and at first believed to be a C^s acid ; but in 1920 
he stated that its formula was C22H34O2 (a docosapentaenoic acid) . Subse- 
quently a number of other individual polyethenoid acids have been 
reported, including stearidonic,!^ C18H28O4 (octadecatetraenoic), arachidonic, 
C20H32O2 (eicosatetraenoic, also present in small amounts in many land 
animal liver and depot fats), and, in very small quantities in certain fish 
oils, hiragonic acid,i 9 CX6H26O2 (hexadecatrienoic) , nisinic, 2 o C24H36O2 
(tetracosahexaenoic) , shibic,2i C26H42O2 (hexacosapentaenoic), and thynnic,^! 
C26II40O2 (hexacosahexaenoic) acids. The constitution of these polyethenoid 
acids has been the subject of much investigation, but cannot yet be regarded 
as settled.* 

The detailed description of the component acids of fish oils (in which, it 
should be noted, the unsaturated acids are placed in their homologous 
groups with a general statement of their mean unsaturation) will be dealt 
with in several categories, following where possible the zoological classifica- 
tion of the fish. 

Liver fats of (marine) Elasmobranch fish. Table 3 (p. 31) shows the 
quantitative data which have been recorded for some liver oils of this 
subdivision of fish. (The figures have in all cases been rounded off to the 
nearest unit or half-unit.) 

The component acids of the Elasmobranch fish liver oils shown in 
Table 3 exhibit considerable variation in type, but those which contain very 
small proportions of unsaponifiable matter (1—2 per cent.) are typically 
'' marine in type, with large proportions (ca. 50 per cent.) of unsaturated 
C20 3Lnd C22 acids, of which the mean unsaturation is very high. Tsujimoto 
has classified liver fats of the Elasmobranchii in three broad groups according 
to their content of unsaponifiable matter " and the nature of the latter : 

(a) Those of which the unsaponifiable content is very small (1—2 per 

cent.) and consists mainly of sterols. 

(b) Those containing moderate amounts of unsaponifiable matter 

(io~35 per cent.), which in these cases is made up of some 
cholesterol with considerable proportions of the glyceryl ethers 
known as selachyl, chimyl, and batyl alcohols, f 

(c) Those containing very large amounts of unsaponifiable matter 

which, in addition to some quantity of the glyceryl ethers just 
mentioned, is also usually rich in the terpenoid hydrocarbon 
squalene.J 

* Cf. Chapter IX, pp. 340—342. . 

t Selachyl alcohol, a- A ® - ^^-octadecenylglyceryl ether, CH3.[CH2]7.CH:CH- 
[CH2]7.CH2.0.CH2.CH(0H).CH2(0H). 

Chimyl alcohol, a-hexadecylglyceryl ether, CH3.[CH2]i4-CH2.0.CH2.CH(0H). 
CH^COH). 

Batyl alcohol, «t-octadecylglyceryl ether, CH3.[CHa]i6-CH2-O.CH2.CH(OH). 
CH2(0H). {Cf. Chapter X, pp. 362-364-) 

f The hydrocarbon squalene, Cg^H^o (Chapter X, p. 349), was found by 
Tsujimoto 2^ in the livers of 16 out of 36 species examiped Fla^smobranch fish 
from Japanese waters. It was present chieflyjn ^(ywerij:Ms~o£:§OT0y^ri^tobers 



Liver Fat from 


Unsaponifiable Matter 


Per Cent. 

Approximate 

Skate 

0*3 

Mainly cholesterol 

Angel fish 

1-5 

.. 

Thresher shark 

1-8 


Spotted dogfish 

2 


Grey dogfish 

10 


Ratfish 

37 

alcohol 

Shark species 

50-80 

je amo..^ squalene 

alcohols. 


selachyl, 


The change in the character of Elasmobranch fish liver oil component 
acids (which consists in marked diminution of the polyethenoid unsaturation, 
together with some diminution in the total amounts of C20 and C22 acids and 
the appearance of a certain amount of unsaturated C24 (selacholeic) acid) 
sets in almost exactly parallel with the appearance of unusually large propor- 
tions of selachyl and the related alcohol-ethers. Hilditch and Houlbrooke,26 
followed by Guha et correlated this with the presence of squalene 
in increasing proportions (the latter authors attributing a small squalene 
content to the grey dogfish oil, which other workers 29 . 30 , si have shown to 
be absent from this fat). Lovern has pointed out that, since neither the 
grey dogfish nor the ratfish liver oils contain any squalene, the connection 
between squalene and the fatty acid type (always difficult to understand) 
breaks down. In place of it he suggests the more consistent view that dis- 
appearance of polyethenoid unsaturation in the higher fatty acids, accom- 
panied by appearance of alcohol-ethers of the selachyl type, are both to be 
regarded as evidence of an unusual tendency towards saturation or hydro- 
genation in this group of fish liver oils. The production of these alcohol- 
ethers, which must have been synthesised in the fish, can be most readily 
pictured by a hydrogenation of the glyceride molecule affecting the carbonyl 
group.'' Lovem also draws attention to the unusual appearance of small 
amounts of arachidic and (in ratfish liver oil) even behenic acid in some of the 
oils in question, a circumstance equally suggestive of unusual tendency 
towards hydrogenation. 

It was shown by Andre and Bloch 32 that the glyceryl ethers almost 
certainly are not present in the free condition, but occur in the liver oils as 
fatty acid esters. A very large proportion of ratfish liver oil, containing 
over 30 per cent, of these ethers, will therefore consist of di-acyl esters of 


of the family Squalidae, and also in certain members of the Cetorhinidae, Chlamy- 
doselachidse, Dalatiidae, and Scylliorhinidae, and in the eggs of two of the species 
in which it was present in the livers. Heilbron, Kamm, and Owens also 
observed it in comparatively undeveloped eggs of Etmopterus spinax (Squalidae), 
but not in the more developed ova. Channon found squalene present in the 
hvem of 3 members of the Squalidae {Spinax niger, Scymnovhinus Uchia, and 
Le:^dorhinus Iguanosus) but absent from those of other members of the family 
and of 1 1 members ^ other Elasmobranch families ; it was also absent from 
14 species of Teleostidrfish examined and from various phyto- and zoo-plankton. 
Ihe occurrence of squalene thus appears to be comparatively limited, even in the 
ran Aim and to be somewhat erratic within individual families in this 
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CHKMICAI, CONSTITUTION OF NATURAL FATS 

selachyl, chimyl, and batyl alcohols, a possible instance of which would be, 
for example : 

CH2.0.CH2.[CH2]7.CH;CH.[CH2]7 CH3 Octadecenyl alcohol 

CH.O.CO.ECHaJy.CHrCH.CCHzlr-CHg Oleic acid 

CH2.0.C0.[CH2]7.CH:CH.[CH2]9-CH3 Gadoleic acid 

It remains to be seen, of course, how far these generalisations (based on 
what are, after all, a very few instances) will be modified as more data are 
collected for fish of other Elasmobranch species ; so far as they go, however, 
they form a steadily progressive series in the sense which has been indicated. 
Many of the analyses in Table 3, as well as the interpretation which at present 
holds the field, are due to the work of Dr. Lovern at the Torry Research 
Station, Aberdeen, of the Food Investigation Board, who is also responsible 
for a considerable proportion of the data with which the rest of this chapter 
is occupied. 

The characteristics of many other liver oils of the Elasmobranchii 
(especially Asiatic varieties of shark and related fish) , and mention of various 
individual acids or groups of acids therein present, are to be found in numerous 
studies by Tsujimoto and other Japanese investigators, especially since 
about 1925 ; but unfortunately any indication of the relative proportions or 
other quantitative aspects of the component fatty acids is rarely, if ever, 
included in their work. This is the more to be regretted, since what is 
clearly needed is amplification of the still somewhat sparse quantitative 
data existing in this field. Tsujimoto has, for example, found reason to 
believe that a fourth class of Elasmobranch fatty acids may occur in some 
cases : for the liver oil of a white shark {C archarias gangeticus, family 
Galeidae) which contains 12—35 cent, of unsaponifiable matter 

(mainly alcohols of the selachyl group) was found by him to be remarkably 
low in unsaturation. Its component acids included approximately 50 per 
cent, of saturated (mainly palmitic) with 50 per cent, of unsaturated (almost 
wholly hexadecenoic and oleic) ; the total amount of Cie (palmitic and 
hexadecenoic) acids is thus extraordinarily large in this case. (In the cases 
recorded in Table 3, it will be noticed that the saturated acid contents are 
relatively constant, the hexadecenoic figure usually low, whilst the amount of 
unsaturated Cig acids, which is 20-25 cent, of the whole in the oils of 
most typically marine type, rises in one instance to as much as 50 per 
cent.) 

Another instance of a fat belonging to this fourth class is the oil which 
forms over 40 per cent, of the liver of the fan-fish {Dasyatis akijei, family 
Dasyatidae) and contains 8 per cent, of unsaponifiable matter ; according to 
Wang and Kan ,33 the component acids of the fat include palmitic 18, 
stearic 45, oleic and other unsaturated acids 27, and unsaturated C20 
and C22 acids 5 per cent. 

Liver fats of marine Teleostid fish. In some families of this division of 
fish, the livers contain large amounts of fat and act as the main fat store of 
the fish, but in others, especially Clupeidse, the livers are small and/or have 
only small fat contents whilst the flesh may contain considerable amounts of 
depot fat. In fish livers which contain much fatty matter, the latter is 

.L X ir> these liver oils 



COMPONENT ACIDS OF FATS: FISH (LIVER FATS) 

is usually very low, and the amount of non-fatty or unsaponifiable matter 
(mainly cholesterol) is also small, usually not exceeding i per cent, of the oil 
(for a classification of fish according to the amount and nature of the unsaponi- 
fiable matter of the liver oils, v. Evers and Smiths^). 

Table 4 (pp. 34, 35) gives a summary of data which have been published for 
the quantitative composition of the mixed fatty acids of fats from the livers 
of various marine Teleostid fish ; but a few examples (e.g. liver fats of eels, 
salmon, and sturgeon) are reserved for special notice after some of the fresh- 
water Teleostid fish liver oils have been discussed. (Where the figures are 
from recent work, they are given as published, i.e. to the first decimal place ; 
this does not, of course, mean that they are necessarily accurate to within 
more than i unit per cent., while in certain circumstances the experimental 
error may be somewhat greater than this.) 

The figures in Table 4 suggest that in many cases the following represent 
the proportions of the major component acids in marine Teleostid fish liver 
oils : palmitic, 10—15 i hexadecenoic, 12—18 ; unsaturated C^g (mean unsat- 
uration ca. — 3H), 25—30 ; unsaturated C20 (mean unsaturation ca. — 6H), 
25—30 ; and unsaturated C22 (mean unsaturation ca. — 7H), 10—15 per cent.* 
A statistical survey by Lovern 23 of the data for the component acids of 
liver and body oils of marine and fresh-water fish bears out the broad 
differences in the component acids of fish fats of respective marine and 
fresh-water origin (typical analyses of fresh- water fish fatty acids are given 
in Table 6, p. 40) ; the typical percentages of unsaturated acids revealed 
by the statistical analysis of results for fats of marine origin were Cig, 10 , 
^i 8 f 25 ; C20y 25 ; and €22* i 5 - Whilst these proportions are on the whole 
typical, and are indeed closely adhered to in quite a number of instances, it 
is clear from inspection of Table 4 that there are many subordinate variations. 
The possible incidence of various factors — food, salinity, species charac- 
teristics, etc. — has been discussed in some detail by Lovern in the papers 
cited in Table 4, and we shall return to the subject later (pp. 37, 46). For 
the present we shall merely draw attention to the chief instances in Table 4 
which seem to depart from the typical compositions. 

Perhaps the most marked differences are to be seen, so far, in the fatty 
acid compositions of liver oils of fish inhabiting the seas respectively sur- 
rounding New Zealand and Great Britain ; for some reason at present 
unknown, it would appear that some of the New Zealand liver oils tend 
rather towards the typical composition of a fresh-water fish liver oil (cf. 
Table 6, p. 40), and diverge somewhat from that most frequently encoun- 
tered in the marine fish liver oils of the North Atlantic. This is not wholly 
the case, and the liver oils of the New Zealand red cod and hake, for example, 
belong definitely to what, following Lovern, we may term the marine ’’ 

* Unsafuraiion of the polyethenoid Ci 8 » Ggo* and C22 ceoids. As already 
mentioned, the nnsaturated Cgo and Cgg acids of fish oils include, in addition to a 
certain quantity of mono-ethenoid acids, polyethenoid acids containing probably 
five or six ethylenic groups in the molecule ; but di- and tri-ethenoid acids of 
these series have not been so far reported. Similarly, the unsaturated acids 
of cod liver and whale blubber oil, according to Green and Hilditch,^® are made 
up of mono-ethenoid (chiefiy oleic) and tetra-ethenoid derivatives, but ordinary 
linoleic acid is either absent, or present in only minor amounts. Small propor- 
tions of polyethenoid Cjg acids occasionally accompany hexadecenoic acid in 
time of the fish oils, and Toyama and TsucMya have identified a triethenoid 
acid CigHaeOg (" hiragonic acid *') in the case of Japanese sardine oil. 

33 
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CHEMICAL CONSTITUTION OF NATURAL FATS 

TABLE 4. COMPONENT ACIDS ^WTS. PER CENT.) 

** T T-k.'IC A. 

Habitat 


Species 


Cod 

(Gadus Morrhua) 


Oil in 
Liver 


“ Unsaponifi- 
ABLE Matter 
IN Oil 
(Per Cent.) (Per Cent.) 
Newfoundland 40-65 0-8-1 

Norwegian 

North Sea ^ 


Coalhsh, saith 
(G. Virens) 


40-60 


0-7-1 


Pollack 

(G.pollachitis) 

Haddock 
(G. ceglefinus) 

Red cod®® 

{Phy Siculus backus) 

Ling 

(Molva molva) 

Hake 

{Merluccius mertuccius) 


New Zealand, 
Cook Strait. 

North Sea 


ca.70 
ca. 70 
23 

ca. 70 
ca. 50 


0- 7 
2-7 

1 - 1 
1-3 


New Zealand hake ®« 
(Mertuccius gayi) 

Serronidae Groper t Giver glycerides) ■ 

^ (Polyprion oxygenetos) 


New Zealand, 
Cook Strait. 


Bleoniid^ 

Ophidiidac 


Catfish 

(Anarrhichas lupus) 

New Zealand Ling®® 
(Genypterus blacodes) 


Scombridae Tunny 

(Thynnus thynnus) 

Pluronectidae Halibut ®’ 

(Hippoglossus vulgarus) 


„ (^) 

North Sea 

New Zealand, 
Cook Strait. 

North Sea 


Turbot 

(Rhombus maximus) 

Angler (Monk) fish 
(JLophius piscatorius) 


23 

9 

8 

ca. 30 

20-25 
ca. 20 
ca. 20 
30-50 


3*3 

3- 3 
5-8 

12*3 

4- 5 

1-8 (?) 
6-6 
80 
1 


Lophidae 

• Ueno and found that 

pollock liver oil consisted of C 14 1 , Vie jo, 20 
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TELEOSTW FISH 

Unsaturated 


Ci4 

Ci6 

El 8 

Ci4 




C 22 


6 

8-5 

0-5 

Trace 

20 

(-2H) 

29 

(-3H) 

26 

(-6H) 

10 

(-7H) 


5 

6-5 

Trace 

0-5 

16 

(-2H) 

31 

(-3H) 

30-5 

(--5H) 

10-5 


3-5 

10 

— 

0-5 

15-5 

(-2H) 

25 

(-3H) 

31*5 

(-6H) 

14 

(-7H) 


4 

11 

1 

Trace 

11 

(-2H) 

27 

(-2-5H) 

27 

(-5H) 

19 

(-7H) 


2 

14 

1 

2 

10 

(-2H) 

26 

(~3-3H) 

25 

(-5-5H) 

20 

(-7-4H) 

Trace 

6-5 

13 

0-5 

— 

14-5 

(-2H) 

31 

C-3H) 

24-5 

C-?H) 

10 

(-?H) 


6 

12 

Trace 

Trace 

9-5 

(-2H) 

29-5 

(-3H) 

26-5 

(-5H) 

16-5 

(--7H) 


2-1 

13-0 

1-4 

— 

10-9 

(-2H) 

34-2 

(-2-7H) 

25-4 

(-5-4H) 

13-0 

(-6-5H) 


4-3 

14-1 

0-3 

0-5 

12-4 

(-2H) 

30-5 

(-2-6H) 

29-3 

(-6H) 

8-6 

(~-7-3H) 


1*6 

14-4 

3-1 

— 

7*7 

(-2H) 

30-7 

(-30H) 

28-2 

(-6-6H) 

14-3 

(— 10-3H) 


5 

13 

1 

Trace 

13 

(-2H) 

32-5 

(-3H) 

24 

(-6H) 

11*5 

(--7H) 


7 

13 

— 

Trace 

17 

(-2H) 

18 

(-3H) 

31 

(-5H) 

14 


4-5 

12 

0-5 

— 

12 

(-2H) 

27 

(--3H) 

30 

(-4H) 

14 

(-6H) 


2-1 

lS-4 

1-2 

— 

9-3 

(-2H) 

37-3 

(— 2-6H) 

21-0 

(-5-7H) 

10-7 

(^8-OH) 


2-4 

23-0 

3-4 

1-6 

23-3 

(~2H) 

39-3 

(-2-5H) 

7-0 

(-5-9H) 

Trace 


1-9 

19-3 

3-3 

0-1 

17-3 

(-2H) 

45-2 

(-2-3H) 

9-1 

(~6-3H) 

3-8 

(-6-3H) 


2-0 

22*7 

3-3 

0-2 

18-2 

(-2H) 

40-8 

(-2-4H) 

8-8 

(-60H) 

4-0 


1-5 

17-9 

2-3 

— 

11-7 

(-2-2H) 

46-8 

(-2-6H) 

12-0 

(-6-4H) 

5-9 

(— 8-2H) 

1-9 

( -?H) 

3-2 

12-2 

0-5 

— 

3-2 

(-2H) 

46-0 

(— 2-3H) 

24-6 

(-5-3H) 

9-3 

(-7-JH) 

l-O 

(-5H) 

— 

17-9 

8-9 

— 

3-4 

(-2-5H] 

23-5 

1 (--2-8H) 

28-2 

(-5-5H) 

18-1 

(-7-4H) 


3-9 

15-1 

0-5 

— 

18-7 34-4 

(-2-0H) (-2-0H) 

13-8 

<:-5-5H) 

13-6 

(-7-6H) 

— 

7-6 

14-9 

0-8 

1-5 

21-4 27-1 

(~21H) (-2-5H) 

14-0 

(-61H) 

12*7 

(-6-7H) 

— 

4-9 

9-6 

1-3 

0-4 

12-1 

(-2K0 

30-9 

(-3-5HD 

24-9 

(-6H) 

15-9 

(~8-6H) 



t Liver glycerides of groper taken in (o) spring 1934 (Octoter), (6) early winter, 1953 
(June), and (c) late winter, 1935 (August). See also below, p. 48. 
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type. Moreover, the differences referred to are mainly increase in unsaturated 
Ci8 acids at the expense of the C22 (and sometimes the Cgo) group ; hexa- 
decenoic acid is usually subnormal in amount, whereas in fresh-water 
fish fats its proportion is generally notably increased. 

Amongst other irregularities in Table 4 we may note the. very low content 
of hexadecenoic acid in tunny liver oil, and the unusually low proportions of 
C20 acids in halibut and turbot liver oils, together with the almost complete 
absence of acids more unsaturated than mono-ethenoid in the unsaturated 
C18 acids of halibut liver oil. There is, however, one feature which differ- 
entiates halibut and turbot liver oils from the remainder of the oils in 
Table 4 ; in these two fish the liver is not the main storage depot of fat, which 
is chiefly laid down in their body tissues. As will be seen in Table 5, the 
body fats of halibut and turbot conform to the typical marine type. 

One of the northern fish so far examined, the catfish, shows very similar 
divergences from what is, perhaps, the normal type of liver fat to those dis- 
played in some of the New Zealand liver oils (c/., for example, the New 
Zealand ling liver oil) ; it also has some points in common with certain 
Elasmobranch liver oils. 

Perhaps all that can usefully be said about the relatively few detailed 
analyses yet available is that a normal or typical composition of the mixed 
fatty acids seems certainly to characterise many liver oils of marine Teleostid 
fish, but that many subordinate deviations from this type may occur. The 
chief utility of the information so far obtained will reside in the encourage- 
ment it may offer to other workers further to develop this interesting, 
although very difficult and tedious, branch of the natural fats ; the accu- 
mulated data from many similar investigations on different fish species 
cannot fail to lead to useful and, quite probably, unusually interesting 
results. 

Body fats of marine Teleostid fish. The occurrence of depot fats in the 
flesh of fish is on the whole less common than in the livers, and the data 
available are consequently even more scanty than in the latter case. Most 
of the detailed analyses yet recorded are collected in Table 5 (pp. 38, 39). 

The data in Table 5, although comparatively few in number, include 
those for fishes of widely differing kinds and families ; but on the whole the 
composition of the flesh fats appears to be more regular than in the case of 
the Teleostid fiver fats— species differences are less pronounced. The major 
component acids in most cases fall within the following limits : palmitic, 
15-18 ; unsaturated Cie (mean unsaturation ca. — 2*5H), not exceeding 10 ; 
unsaturated Cis (mean unsaturation ca. — 3H), 20-25 ; unsaturated C20 
(mean unsaturation ca. — 5H), 22-26 ; and unsaturated C22 (mean unsatura- 
tion ca. —5 to —yH), 18-22 per cent. Thus the hexadecenoic acid per- 
centage is distinctly lower, whilst the amount of unsaturated C22 acids is 
higher than is usual in tjqjical marine fish fiver fats. The proportions of 
unsaturated Cig and C20 acids, and also the degree of average unsaturation 
of the C20 acids, is rather lower than in most of the fiver fats. 

The flesh fats of the herring family (Clupeidae) form a good illustration of 
these general features. The menhaden fat, however, is apparently somewhat 
more like the typical fat of a fresh-water fish {cf, below, p. 40) than the rest. 
The analysis of pilchard fat by Brocklesby is remarkable for a high content 
of highly unsaturated C24 acids, which has not been observed in Teleostid 
ra+c Kxr other workers : thus Lovern 23 states that in his experience C24 acids 
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only occur in appreciable amounts in a limited range of (Elasmobranch) 
fish fats. Lovem has examined the composition of the body fats of 
herrings, both during the period (May— July) when the fish are feeding 
'vigorously and largely increasing the amount of flesh fat, and subsequently. 
The results (quoted in Table 5) show no very great alteration in the per- 
centages of the various homologous groups of acids as the fat content increases, 
except that there is a certain increase in C20 acids balanced by a corresponding 
fall in the amount of C22 acids, and a smaller rise in unsaturated Cie acids 
roughly balanced by a decrease in palmitic acid. On the other hand, there is 
a very marked rise, during the period of intensive deposition of fat, in the 
degree of average unsaturation of the C^g and C20 acids, and some increase 
in that of the unsaturated C^q acids ; at the same time, the mean unsatur- 
ation of the C20 3-nd C22 groups is distinctly lower than in most fish oils. 

The component acids of the body fats of tunny, halibut, and turbot 
also conform closely with the usual t5?pe (the total content of saturated 
acids in both tunny body and liver fats is somewhat above the average) ; 
it has already been pointed out (p. 36) that the liver fats of the halibut and 
turbot differ somewhat in composition (especially in high hexadecenoic and 
lower C20 and C22 acid contents) from the body fats. 

The same similarity in component acids is displayed in the body fats of 
the mature salmon and sea-trout, but in the corresponding fats of a fresh- 
water fish (brown trout), or of the lampern which frequents both fresh and 
salt water, a change in composition is at once apparent, the percentages of 
C20 and, especially, C22 acids falling, whilst that of the unsaturated Cis acids 
increases considerably, as also does the degree of average unsaturation of the 
C22 acids. We shah refer to this alteration again after discussing typical 
fresh-water fish fats, when it will be appropriate to consider Lovem^s 
survey of the fats of the salmon at all stages of its life-cycle, which includes 
both fresh-water and marine conditions. 

Fats of fresh-water fish. Lovem has examined fats (mainly body fats) 
from several typical British species of fresh-water fish and also from two 
species of Chinese carp which feed respectively on grass and mud ; a summary 
of his results appears in Table 6 (p. 40). 

The reader will find it interesting, at this point, to compare the general 
features of Table 6 with those of Tables 4 and 5 (marine Teleostid fish fats) 
and Tables i and 2 (fats of aquatic flora and micro-fauna). 

Generally speaking, it may be said that the distinctive points in the fresh- 
water fish fats in Table 6 are the small proportions of unsaturated C22 acids, 
the reduced proportions (as compared with many marine fish fats) of un- 
saturated C20 acids, the predominance of unsaturated Cig acids (which range 
from about 40 per cent, upwards) and the importance of hexadecenoic acid 
which, in the five British fresh-water fish fats, is curiously constant at about 
20 per cent. The general unsaturation in the C20 and C22 groups (when the 
latter is present) appears to be somewhat higher than in the corresponding 
groups of fatty acids from marine species. It is impossible at the present 
stage, as Lovem ^7 has emphasised, to decide how far the typical, as distinct 
from subordinate species, differences between marine and fresh-water fish 
fats may be due to differences in food, or in environmental and seasonal 
conditions ; the various possibilities are, however, considered in detail in 
that author's communications. Whatever the causes, it may be suggestive 
that, in their markedly increased contents of unsaturated Cig acids (in which 
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TABLE 5. COMPONENT ACIDS (fVTS. PER CENT.) 

Family SpEcass Habitat Oil in “ Unsaponifi- 

Flesh able Matter” 
(Per IN Oil 

lupeids Herring North Sea Cent.) (Per Cent.) 

{Clupea harengus) j" April 1937 8-2 2-3 

June 1937 10-7 ? 

June 1937 15-7 1-2 


July 1937 20-7 ? 

October 1937 18-8 1-0 


October 1937 ♦ 12 0 1-2 


*s 

9f 

Sprat 37 

(Clupea sprattus) 
Pilchard 

(Sardinops ccerulea) 

North Sea 

Pacific 

12 

1 

»» 

Japanese sardine Japan Seas 

{Clupanodon melanosticd) 

10-18 

0*5-1 *5 


Menhaden 
iAlosa menhaden) 

N, Atlantic 

10-16 

0*6-1 *6 

ilmonidae 

tSalmon- r*”*’ 

Scotland 

13*9 

0*8 



»» 

13-2 

0*9 

»* 

t Sea trout 
(Salmo trutta) 

»» 

5-10 

1*2 

» 

t Brown trout 
{Salmo trutta) 

»» 

7 

3*3 

:ombridae 

Tunny*® 

(TTiynnus thynnus) 

North Sea 

23 

0*7 

luronectidje 

Hahbut 33 

{Hippoglassus vulgarus) 


4-7 

1*3 

»> 

Turbot 3* 

{Rhombus maximus) 

99 >> 

4 

2*1 

stromyzooidae 

I^yclostomata) 

t Lampern 3® 
{Retromyzonfluviatilis) 

R. Severn 
(tidal) 

8*5 

2*3 



This specimen had recently spawned. 


t See also below, p. 41. 
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OF BODY FATS OF MARINE TELEOSTID FISH 

Saturated Unsaturated 


Ci4 

c,. 

Cl 8 

Ci4 

Ci 6 

Cl 8 

C 20 

C 22 

C 24 

80 

15-7 

0-2 

— 

4-6 

(- 2 - 6 H) 

22-2 

[ (-2-9H) 

22-0 

(-3-9H) 

27-3 

(~4-2H) 

— 

7-3 

16-7 

Trace 

0-6 

(— 2 - 2 H) 

7-5 j 
(-2-7H) 

i 21-1 
(— 3-3H) 

27-3 

(-4-8H) 

19-5 

(-5-7H) 

— 

7-5 

12-8 

0-1 

0-3 

7-0 J 
(--3-OH) 

1 21-1 
(-4-8H) 

30-0 

(-5-2H) 

21-2 

(-4-8H) 

— 

8*3 

12-1 

0-3 

0-5 

6-4 

(-3-4H) 

21-0 

(-4-5H) 

28-3 

(-5-5H) 

23-1 

C~4-6H) 

— 

7-3 

13-0 

Trace 

0-8 

4-9 

(-2-7H) 

20-7 

(-4-2H) 

30-1 

(-4-6H) 

23-2 

(-4-3H) 

— 

6*6 

13-7 

0-5 

0-2 

4-9 

(— 2-8H) 

16-3 

(— 3-6H) 

28-7 

(-4-4H) 

29-1 

(-41H) 

— 

6-0 

18-7 

0-9 

0-1 

16-2 

29-0 

(-3H) 

18-2 

(-5-5H) 

10-9 

(-7H) 

— 

5-1 

14-4 

3-2 

0-1 

(-2H) 

11-8 

(- 2 H) 

17-7 

(--3-3H) 

17-9 

(-4-1H) 

13-8 

(-8-5H) ( 

15-2 

- 10-9H) 

6 

10 

2 

— 

13 

24 

(-2H) 

26 

(-5If) 

19 

(-5H) 

— 

6 

16 

1-5 

— 

15-5 

30 

(-4H) 

19 

(-10H) 

12 

(-10H) 

— 

3-8 

15-0 

2-0 

0-1 

10-6 

28-8 

(- 2 - 8 H) 

23-5 

(-5-5H) 

16:2 

(-6-9H) 

— 

5-0 

11-3 

1-1 

0-5 

9-1 

25-7 

C-2-7H) 

26-5 

(-4-7H) 

20-8 

(-6-4H) 

— 

2-2 

17-0 

4-OJ 

0-1 

8-8 

(~2-4H) 

26-3 

(—3-OH) 

19-7 

(— 6 - 6 H) 

19-0 

(— 9-2H) 

2-4 

3-1 

190 

4-5 

0-4 

11-5 

(— 2 - 6 H) 

38-3 

(— 3-9H) 

15-0 

(~7-8H) 

8-2 

(— 10-lH) 

— 

4-2 

18-6 

3-5 

— 

6-2 

(-2-7H) 

26-0 

(— 3-2H) 

23-5 

(-5-5H) 

18-0 

( — 6 - 8 H) 

— 

4-0 

14-8 

0-7 

Trace 

6-5 

(-2-6H) 

23-8 

(— 3-OH) 

26-9 

(-5-2H) 

23-3 

(-6-5H) 

— 

3-4 

15-1 

2-1 

0-3 

8-9 

(-2-6H) 

21-7 

(-3-4H) 

26-6 

(— 6 -OH) 

21-9 

(— 7-7H) 

— 

9-5 

17-6 

0-7 

— 

10-9 

(-2-1H) 

35-3 

(-2-6H) 

15-3 

(-6-5H) 

10-7 

(— 10-3H) 

— 


t Also 0*4 per cent, arachidic acid. 
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COMPONKNT ACIDS OF FATS : FISH 

oleic acid predominates), they show some similarity with fats of the marine 
mammalia such as whale oil ; so that this might be regarded as the first 
indication of the tendency to the almost exclusive prominence of oleic acid 
(with its chemically related polyethenoid acids) amongst the fats of the more 
developed land fauna and flora. 

The special cases of the Asiatic grass- and mud-feeding carp may be 
briefly noticed. The fats were of varying compositions, but C22 acids were 
uniformly absent. In two of the five examples they were fairly similar to 
the other fresh-water fats dealt with in Table 6, but in the other instances 
the proportion of unsaturated Cjs acids was still further notably increased, 
whilst that of hexadecenoic acid was much reduced. Analyses of the fats 
present in the food of these particular fish showed no correlation with those 
of the carp fats, and the evidence thus furnished, for what it was worth, 
rather pointed to a synthesis by the fish, from carbohydrate or other material 
of fatty acids of the desired type. 

Some Further Examples of Specific Fish Fats 

The fats of a few fishes have been studied more intensively than the 
majority of those enumerated in Tables 3, 4, 5, and 6. In one interesting 
group, that of certain fish which have both fresh- and salt-water relation- 
ships, the fats of salmon at all stages of the life-cycle have been studied by 
Lovern ^7 ; whilst eel fats and the fats from several depots of the sturgeon 
have been analysed. On the other hand, in some of the larger fish, including 
(in addition to the sturgeon) tunny, halibut, turbot, and groper, it has been 
possible to investigate fats from several parts of the animal instead of from 
only one depot (flesh or liver, as the case may be). These results are of 
sufficient interest to receive separate consideration at this point. 

Salmon fats. It has already been shown, in Table 5, that the flesh fats 
of the sea trout and the brown trout conform respectively to Lovem's 
marine '' and fresh-water types of component fatty acid mixtures ; 
these fish are now regarded as merely the migratory and non-migratory 
forms of the same species, Salmo trutta. Similarly, the lampern, a denizen 
of tidal estuaries known to visit both salt and fresh water, possesses a body 
fat more akin to the fresh-water " than to the '' marine type. In the 
case of the trout, the adult fish may proceed to the sea or may remain in 
fresh-water streams (brown trout) ; the analyses given in Table 6 refer to 
the flesh fats of such adult fish. 

The Atlantic salmon, Salmo salar, differs from the brown trout in that 
its adult life is spent in the sea until it returns to fresh water for spawning 
purposes. The eggs hatch out in fresh water, and for the first 1—4 years of 
their life the young salmon live like any other fresh-water fish. During 
this stage they are known as salmon parr. Each year, at an average age of 
2 or 3 years, some of these fish change colour and become silvery like the 
adult salmon, Now called smolts, they swim downstream and right out to 
sea, becoming a marine species. The maturing and adult fish feed intensively 
in the sea, and then, as the spawning time approaches, migrate to the rivers 
and commence to ascend them. It is certain that from the moment of 
entering the rivers, if not earlier, the salmon cease feeding entirely. The 
journey upstream to the spawning grounds demands the expenditure of much 
energy, which has to be supplied mainly by reserve fat. Moreover, con- 
siderable quantities of fat accumulate in the gonads, and this fat is probably 
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transferred from the depots {vide infra). Continuous depletion of the latter 
thus takes place. Almost all the males perish in the river, presumably from 
weakness and starvation, but most of the females survive until they reach the 
sea again. Here most of them presumably die also, as only a small percentage 
return to spawn a second time. The fish after spawning are known as kelts, 
and some of these have been found with as little as 0*3 per cent, of fat in the 
muscles, contrasted with 13— 14 per cent, of fat in a fish fresh from the sea. 

Lovern made detailed analyses of the flesh fats from the young fish 
(parr and smolts), and from adult fish which had returned to spawn at 
various stages of emaciation ; he also examined the ova fats at various 
stages of development of the eggs. The data for the different component 
fatty acids are collected in Table 7. 

The interesting variations and transitions in fatty acid composition illus- 
trated in Table 7 may be summed up briefly as follows : 

In the relative proportions of the various acids, the fat from the parr is 
typically of the fresh-water fish class, although the Cig acid percentage is 
somewhat low. . . . When the parr becomes a smolt, it becomes indis- 
tinguishable from an adult salmon except in point of size, and it proceeds 
to take up the normal marine life of the adult fish. Evidently its whole 
metabolism undergoes a change at this period. The fat which it has stored 
in its fresh-water life is suitable no longer, and the smolt fat examined appears 
to be at a transitional stage from a typical fresh-water fat to the special fat 
of the adult salmon. The lower fat content of the smolts compared with the 
parr suggests a partial withdrawal of fat to effect this change of type.” 
(Lovem, loc. cit.) The body fat of the mature fish, as it returns to fresh 
water, is fairly typical of what we have called the " marine type ” of fish 
body fats. In contrast to that of the parr, the content of C22 acids is high, 
and that of unsaturated Ci^ acids low, whilst the average unsaturation of all 
the groups of acids is definitely lower than that of those in the parr fat ; 
the smolt fatty acids are intermediate in this respect. 

The changes in the fatty acids during the (fasting) period in which the 
depot fat is being drawn upon are of great interest, although not very obvious, 
perhaps, at first sight. The average unsaturation is not greatly altered 
during fasting in fish of either sex. As regards group percentage proportions, 
it is fairly obvious that, as emaciation proceeds, myristic and unsaturated 
Cl 6 acids show a decrease, balanced by increase in Cgg acids (in the males) 
and in Cis and C20 acids (in the females). The lack of parallel between the 
male and female series is possibly due to the different metabolic requirements 
and processes at spawning time. Another evidence of this is the higher and 
earlier incidence of mortality amongst the males than amongst the females.” 
(Lovem, cit.) These differences become more apparent if, following 

Lovem, we consider the total proportions (in mols. per cent.) of each group 
of acids containing the same number of carbon atoms (Table 8) : — 

TABLE. 8 MOLAR PROPORTIONS OF TOTAL ACIDS WITH THE SAME 
NUMBER OF CARBON ATOMS 


Fish Number 

Ci4 

Cia 

Cl 8 

C.o 

C 22 

1 

Male 

4-7 

28-5 

31-2 

21-8 

13-8 

2 


2-6 

23-1 

28-9 

25-5 

19-9 

3 

Female 

2-9 

20-1 

29-4 

24-6 

23-0 

4 

6*9 

23-0 

27-4 

24-8 

17-9 

5 


2-8 

23-0 

29-6 

26-8 

17-8 

6 


2-4 

20-2 

31-2 

31-5 

14-7 
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From Table 8 it appears that the constituents preferentially mobilised in 
the male series are those of low molecular weight, but in the female series 
this effect is much less in evidence, if indeed it exists at all. Lovern has 
put forward the view that such selective effects (other instances of which are 
observable in other marine animal fats, e.g. those of the Delphinid^, p, 54) 
as between one fat depot and another may be brought about by a more 
ready passage of smaller molecules through the cell membranes — a kind of 
permeability or molecular filtration effect. 

The mesenteric fat examined is very similar to that of the mature flesh 
fats, whilst the salmon liver fat appears slightly different, with somewhat 
increased amounts of unsaturated Ciq and acids, and somewhat less C22 
acids. 

In the egg fats, at early stages the percentages of the various acid groups 
are not significantly different from those of a salmon body fat, but the average 
unsaturation is increased in all cases. As development proceeds, the high 
degree of average unsaturation of the C20 ^i^d C22 acids is maintained, and 
there is a definite rise in the proportion of Cig acids together with a fall in 
their mean unsaturation. Mono-ethenoid C20 ^-nd C22 acids are absent from 
all the egg fats. The final result of the progressive changes in the ova fat 
during ripening is that it takes on some of the characteristics of a fresh- 
water fish fat, but it nevertheless stiU retains the specific nature of a 
salmon fat (e.g. low C15 and high C22 acid contents, in spite of increased 
proportions (ca. 35 per cent.) of unsaturated Cig acids). There is as yet little 
if any evidence to indicate the mechanism by which these changes are 
brought about, but various possibilities have been discussed by Lovern. 

Eel fats. Eels are in some respects opposite in behaviour to salmon, 
in that many species spend the greater part of their existence in fresh water, 
but migrate, sometimes many thousands of miles, to marine spawning grounds 
(e.g. the Sargasso sea in the West Indies). Analyses of eel fats are available 
for New Zealand and Scottish fresh-water eels, and for the liver and peritoneal 
fats of the conger, which lives in sea-water (Table 9). 

The eel fats * do not fit very closely into either the general fresh- or salt- 
water types of fat. They are somewhat akin to the fresh-water fish fats in 
Table 6 (p. 40) as regards their high proportions of unsaturated C^g acids 
and their comparatively low contents of C22 acids, but the amount of 
hexadecenoic acid is variable and in any case not high, whilst the average 
unsaturation in the C^g, C20, ^^nd C22 groups is much lower than in the case 
of most fats from fresh-water fish. The content of unsaturated Cig acids in 
the New Zealand eel is extremely large. In the conger, the peritoneum is a 
principal fat depot and the liver only a subsidiary one. 

Lovern ® has studied the composition of fats from eels reared mainly on 
diets of mussels or herrings in tanks at two different temperatures in either 
fresh or salt water, with the general results given in Table 10. 

The Scottish eels were taken from tidal waters, and cannot therefore be 
considered as denizens exclusively of fresh, water. 



OOJVllPOJNJiUXsj ± 




s 

E 3 

Cli 




I 

i 

0 

1 

CTN 


e<i 

qJ <=> 


S' 

i 


Q 


CJ) ^ 


»c^S 


! 


o «=> 

w 

c 5 ^ 




t=! €L> 

O &, 




a 


p=i 


► 3 ^ 


r^ <zr\ - 
°<=> ON Nib> do 

I i 


±< AX i> 

£c ^ S' 


tie 

OO nS 

^ *7 

S' 

0 \ 

I 






j NO 

' I — I 


I 


I 

I 


.pe 

» 

' 1 


,S v^S 

:7 ^7 


s s 

oo <>* r>l c^ 

OO On do 


<r<i 

oo 




*T* 


pp 


<~<l 

NO 








pt^ 




s 


^ ^ ^ 
14'i'i''g 


*1 


45 


Ji^ Ai^JrdL 


§3 



a 

S 3 



o 


♦ The Scottish eels were taken from tidal waters, 



CHEMICAL CONSTITUTION OF NATURAL FATS 


TABLE 10. COMPONENT ACIDS iW'TS. PER CENT} OF FATS FROM 
EELS KEPT UNDER DIFFERENT CONDITIONS 

Months Water Temp. Saturated Unsaturated 








C 18 C 18 C 20 C 22 





(i) Eels fed on 

Mussel Diet 

3 

Sea 

23*" 

31 

19*8 

4*8 

07 5*8 42-6 15*7 7-5 

(-2-4H) (-2-7H) (-5-5H) (-8 0H) 

6 



3‘7 

17*4 

3*9 

— 9*5 39*6' 16-8 91 

(~2*1H) (-2-4H) (-5-2H) (~8*6H) 

5 

Fresh 

23 

3-6 

17*9 

2*8 

Trace 6*8 39*2 22*4 7*3 

(~2*3H) (~2*6H) (-5-8H) (~8-0H) 

6 



4*1 

19*4 

2*2 

— 5-7 37*5 20-6* 10*5 

.(-2-3H)(-2*8H)(-5*5H)(-9*2H) 

6 


140 

3*3 

20*5 

2*7 

— 11-6 39*4 16*1 6-4 

(-2 4H) (-2 7H) (-6*3H)(--10 0H) 




(ii) Eels fed on Herring Diet 

6 

Sea 

14'* 

4*8 

17*6 

2-6 

— 9-4 41*6 16*4 7-6 

(- 2 - 2 H) (-2-4H) (-5-8H) (-9-1H) 

6 

Fresh 

23*" 

6*0 

16*5 

1*1 

0*6 8-3 33-9 22-6 11*0 

(— 2-2H) (— 2 - 8 H) (-5-5H) (— 7 0H) 

6 


140 

6*4 

17*1 

1*3 

— 6*9 31*9 22*2 14*2 

(-2-4H) (-3 0H) (-5 4H) (-7-5H) 



(iii) 

Eels — “ Control 

** Specimens from Dee Estuary 

— 

Brackish 

— 

4*3 

16-8 

2*5 

0*1 8-8 39*4 20*8 7*3 

(-2-2H) (~2*5H) (-5*6H)(— 10 2H) 

— 


— 

4*3 

17-8 

1*7 

Trace 9-2 38-4 20*1 8-5 


(-2‘2H) (-2-7H) (-6 0H) (~9*3H) 

The mussel diet, which incidentally caused a loss of weight in the fish, 
appeared to have little influence on the composition of the eel fats ; but 
the herring diet resulted both in increase of weight and in modification 
of the eel fat component acids to a mixture intermediate in composition 
between that of the control '' eel fat and herring fat (for the latter, c/. 
Table 5, pp- 38, 39). The possible inferences to be drawn from this series 
of experiments have been fully discussed by Lovern {loc. 


Fats from different Depots of some targe Fishes 
When the size of the fish permits, it has been possible in some instances 
to determine the component acids from several of the main depots. Some of 
the resulting data are considered below. 

Sturgeon The sturgeon (Acipenser sturio) examined had been 

caught in the North Sea, but all sturgeon ascend the large continental rivers 
to spawn and, it is believed, do most of their feeding in fresh water. It is 
not surprising, therefore, to find that its fats conform in general with the 
fresh-water fish type, subject as usual to minor specific differences. Fat 
deposited in the peritoneal cavity is the chief store in the sturgeon, whilst 
the pancreas is also very rich in fat ; the liver is not exceptionally rich in fat. 
The component acids of fats from these parts of the animal are tabulated in 
Table ii. 
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TABLE 11. COMPONENT ACIDS iWTS, PER CENT) OP FATS FROM 

A STURGEON 


Fat from Iodine Saturated 

Value 


Peritoneal cavity 

126-5 

7-1 

140 

0-8 

Pancreas ’ 

119-6 

4-5 

16-4 

1-1 

Liver 

125 

30 

19-2 

Nil 



LTnsaturated 


Cie 

Cl 8 C20 C22 

0-6 

23-8 

35-8 12-1 5-8 

(— 2-9H) (— 7-4H) ( — 8 

Nil 

21-4 

36-7 14-5 5-4 

(--2-9H) (— 6-8H) (-91H) 

Nil 

19-5 

39-6 11-8 6-9 

(— 2-7H) (— 7-lH)(-10-0H) 


There is some uncertainty as to whether the organ examined was the pancreas or the 
pyloric caeca. — (Private communication by Or. Lovern.) 


These form a specially interesting group in several respects. In the 
first place, it was one of the first instances — several others may be noticed in 
the course of the preceding and following tables — ^in which it was shown that 
the liver glycerides were no more unsaturated than the main depot fat of the 
same fish. Actually, the molar proportion of saturated acids is constant in 
all three fats (23*9, 23*8, and 24-1 per cent, respectively for the peritoneal, 
pancreatic,* and liver fats), whilst the average degree of unsaturation of the 
C18 and C20 acids is lower in the liver fat than in the main depot fat (although 
that of the small proportion of C22 acids is somewhat higher). Although the 
total molar content of saturated acids is constant, the individual acids vary 
widely (C14 from 3-6 to 8*4 per cent., C15 from 14*7 to 20*5 per cent.) ; at the 
same time, however, there is another curious constant feature in this series, 
namely, the molar percentages of the total Ci© acids (palmitic and hexade- 
cenpic) which are respectively 40*0, 40*3, and 41*4 per cent, in the three fats. 
Lovern suggests that it would appear that all sturgeon fats develop an 
approximately constant proportion of saturated (24 per cent.) to unsaturated 
(76 per cent.) acids, and that tMs constancy may be secured by alteration in 
the proportions of saturated and mono-ethenoid Ci© acids. It is only fair 
to add that such close numerical constancy is as yet unobserved in other fish 
fats, but nevertheless the relationships appear too definite to be merely for- 
tuitous. Comparison of Table ii with Table 6 will show the close general 
similarity of the sturgeon fats to the fats of the smaller, fresh-water fish. 

Tunny fats. The examination of fats from various organs and the flesh 
of a large tunny {Thynnus thynnus) taken in the North Sea (off Scarborough) 
has also yielded interesting and suggestive results (Table 12).^ 


TABLE 12. COMPONENT FATTY ACIDS (fYTS. PER CENT.) OF TUNNY 

FATS (GLYCERIDES) 


Depot 

Fat 

(Per 

Cent.) 

Saturated 

Ci 4 C16 C18 

Unsaturated 

Flesh 

23 

4-2 

18-6 * 

3*5t 

6-2 26-0 23-5 18-0 

(— 2-7H) (-3-2H) (-5-5H) (-6-8H) 

Liver 

20-25 

Nil 

17-9 

8-9t 

3-4 23-5 28-2 18-1 

(— 2-5H) (-2-8H) (— 5-5H) (— 7-4H) 

Pyloric caeca 

28-5 

3-4 

18-4 

2-7 

6-3 21-9 25-5 21-8 

(-~2-7H) (-3-7H) (-5-5H) (-6-2H) 

Spleen 

2-6 

Nil 

21 

7 

— 7 27 22 16 

0 - 2 -OH) (-3-1H) (— 5-4H) (— ?H) 

Heart 

2-4 

Nil 

25 

3 

— 4 26 25 17 

0 - 2 -OH) (-3-4H) (— 5-4H) (-7-5H) 


t Traces of arachidic acid also present. 
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Compared with other marine fish fats, the tunny fats in Table xz exhibit 
the following well marked species peculiarities : in the saturated acids, 
absence of myxistic acid in several cases, somewhat high palmitic acid 
contents, presence of unusual amounts of stearic acid and of traces of arachidic 
acid in the liver and flesh fats ; in the unsaturated acids, absence of tetra- 
decenoic acid, low hexadecenoic acid contents, average unsaturation perhaps 
somewhat lower than usual in the Cig, C2o» and C22 acids, and the presence 
of small proportions (perhaps 1-2 per cent.) of unsaturated acids of the Cg* 
or higher series (included in Table 12 with the C22 acids). The tunny 
normally spends considerable periods in relatively warm water and moreover 
is notable for having a body temperature some 3° higher than that of the 
water. Lovern suggests that there may be some correlation between 
these factors and, in particular, draws attention to progressive relationships 
discernible between the total content of saturated acids, the amount of 
stearic acid, and the degree of average unsaturation of the unsaturated C^s 
acids in the fats from various parts of the tunny (Table 13). 


TABLE 13. 

RELATION BETWEEN STEARIC ACID 

CONTENT AND 

DEGREE 

OF UNSATURATION 

OF Cl 8 ACIDS IN 

TUNNY FATS 

Depot 

Total Saturated 
Acid (Per Cent.) 

Stearic (Per Cent.) 

Degree of Unsatura 
T iON OF Cl a Acids 

Pyloric caeca 

24-5 

2-7 

— 3-7 

Heart 

28 

3 

-3-4 

Flesh 

26*3 

3-5 

— 3-2 

Spleen 

28 

7 

— 31 

Liver 

26-8 

8-9 

— 2-8 


The fat of the pyloric caeca, which is likely to be largely directly ingested 
fat (in which stearic acid would form at most l per cent, of the total acids), 
is lowest in total saturated acids and in stearic acid content. The other 
four fats contain 27—28 per cent, of total saturated acids (much above the 
usual value, 15—20 per cent., for marine fish), and this is made up, partly by 
stearic acid, but mainly by a higher palmitic acid percentage than usual 
(18-25 per cent, as compared with the usual 8-16 per cent.). The total 
C16 acid percentage (21-29 cent.) is of the same order as that in most fish 
fats, so that it is reasonable to conclude that the high palmitic acid contents 
are at the expense of the hexadecenoic acid contents. In other words, as 
Lovem has emphasised, saturation (hydrogenation) processes seem to be 
operative in both the Ciq and Cjs acids of the tunny fats. He has also drawn 
attention to the fact that the highest stearic acid content and lowest degree of 
unsaturation of the Cig acids appear in the liver fat ; so that the tunny pro- 
vides another example in which the liver fat is definitely less unsaturated 
than the body fats. (The liver and body fats of the conger eel. Table g, 
and those of halibut and turbot. Tables 4 and 5, are other, and even better, 
examples in which the degree of average unsaturation and/or the actual 
contents of unsaturated C20 and C22 a-cids are markedly lower in the respective 
liver fats than in the body fats.) 

Qroper Hver and head oils. The New Zealand groper, IP oly prion 
oxygeneios, contains fat deposits in the liver, head, and body of the fish ; 
according to Johnson a considerable proportion of the total fat is con- 
centrated in the body, whilst Shorland and Hilditch 88 state that the amount 
in the head is about four times that in the liver, which is therefore in this 
case a secondary depot for fat. The latter authors have examined groper 
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liver and head oils (data for the groper liver glycerides have already been 
mentioned in Table 4). The liver oils vary considerably, according to the 
season, in their contents of vitamin A, unsaponifiable matter, and phos- 
phatides ; this will be evident from the figures in Table 14. 


TABLE 14. GENERAL COMPOSITION OF GROPER FATS 


Source 


Liver (spring) 

,, (early winter) 
,, (late winter) 
Head 


Weight 

Fatty 


OF 

Content 


Organ 

OF Organ 

Iodine 

Value 

(Lb.) 

(Per 

Cent.) 


23 

9 

88*6 

14 

92 

87-0 

20 

8*0 

112*2 

70 

80 

145*9 


Fatty Extract 


Unsapon- 

Glycer- 

. Phospha 

I FI ABLE 

ides ♦ 

TIDES 

(Per 

(Per 

(Per 

Cent.) 

Cent.) 

Cent.) 

3*3 

100 

Trace 

5*8 

98 

2 

12*3 

82 

18 

0*7 

100 

Trace 


* I.e. glycerides + unsaponifiable matter, but excluding phosphatides. 


COMPONENT ACIDS (,WTS. PER CENT.) OF GROPER LIVER AND 

HEAD FATS 

Saturated Unsaturated 


Liver glycerides : 

Ci4 

C16 

Cl s 

Ci4 

C16 Ci3 C 20 C 22 

Spring 

2*4 

23 0 

3*4 

1*6 23*3 39*3 7-0 Trace 

(-2 0H) (-2*0H)(-2*5H)( — 5-9H) 

Early winter 

P9 

19*3 

3*3 

0*1 

17*3 45*2 9*1 3*8 

(-2-0H) C-2-3H) (- 6*3H) (- 6-3 H) 

Late winter 

20 

22-7 

3*3 

0*2 

18*2 40*8 8*8 4*0 

(-2-0H) (-2-4H) (~6 0H) ( -6*011) 

Liver phosphatides 
(late winter) 


■ 18*5- 


' — 

16*9 19*6 31*1 13*9 

(-2*0H)(-2*4H)(-6*6H)( -?H) 

Plead glycerides 

3*0 

16*0 

3*1 

M 13*8 30*8 18*5 13-7 

(~2 0H) (— 2-OH) (~2-6H) (-6 2H) (— 9-2H) 


The groper liver oils seem to have definite species peculiarities, but that 
from the head (which, as has been pointed out, is one of the principal fat 
depots) is quite similar to many of the fats in Tables 4 and 5 which represent 
main depots in many other marine fish. The groper liver glycerides are 
characterised by low proportions of unsaturated C20 ^-nd (especially) C22 
acids, with high palmitic, hexadecenoic and unsaturated Cjs acids (the mean 
unsaturation of the latter being comparatively low) , The total content of Cie 
acids in the liver glycerides is remarkably high, 36-46 per cent., as is also the 
total percentage (24—29) of saturated acids. In some respects, these liver 
glycerides resemble typical fresh- water, rather than marine, fish liver fats ; 
but they are sharply differentiated from the former by the high proportions 
of palmitic acid and the lower contents of unsaturated C20 acids. 

The liver phosphatides, on the other hand, show the usual features in 
fatty acid composition as compared with the corresponding glycerides, 
notably, greater amotmts of unsaturated C20 C22 acids and corres- 

pondingly less unsaturated Cie and Cjs acids. These appear to be general 
features in nearly all animal liver phosphatides, and we shall encounter other 
instances which have been examined in more detail in the case of land animal 
fats (Chapter III, pp. 89-92). 

The similarity of the component acids of the groper head oil to those of 
the fats from the main fat depots (body or liver) of other marine fish has 
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already been mentioned. It will be seen below, however, that in the case of 
certain of the larger marine mammals the fat depots in the head of the 
animal are characterised by the presence and concentration of acids of lower 
molecular weight than those found in the liver, or even the body, fats of the 
same animal. If, therefore, the state of affairs in, for example, the sperm 
whale or the porpoise could be taken as the normal, the composition of the 
groper head oil — although it conforms with the average for a typical marine 
fish main depot fat — ^would appear to be unusual for a fat from the head of a 
marine animal. Of course, out of the few instances which have yet been 
investigated, it is not practicable to say which is the more normal type. 

Component Acids of Fats of Marine Mammalia 

Marine mammals such as the seal, whale, or porpoise possess a layer of 
fatty tissue beneath the skin, known as blubber, which is the source of con- 
siderable quantities of useful technical fatty oils. Certain species such as the 
sperm whale, dolphin, porpoise, etc., also have deposits of fat in the head 
cavity, and occasionally in the jaw. Such detailed analyses as are available 
have usually reference to one or other of these fat deposits ; detailed infor- 
mation on the fats of the liver or other organs is for the most part still 
lacking- 

The Seal family (Phocidae). Seal blubber oil has been used for various 
purposes for at least as long as whale oil, but no very definite analysis of its 
component acids appears to have been made, with the exception of some data 
given in 1935 by Williams and Makhrov .53 These authors suggest that the 
percentage of the various component acids (wt. per cent.) is somewhat as 
follows : saturated (mainly palmitic), 18 ; liquid mono-ethenoid (presumably 
hexadecenoic and oleic), 61 ; solid mono-ethenoid (? gadoleic, etc.), 7 ; 
and highly unsaturated acids (? C20 and C22), 14 per cent. The semi- 
quantitative analytical data of Tsujimoto and Bauer and Neth support 
the view that seal oil and ordinary whale oil are similar in fatty acid com- 
position. 

The Whale family (Balaenidae) . In view of the technical importance 
which whale oil has attained during the past quarter of a century, much 
study has been given to the general characteristics of the blubber oil. 
Systematic studies of the effect of various factors on the composition of whale 
fats have been undertaken by several Scandinavian workers. Lund so 
has summarised the results of records extending over twenty-five years on 
whale oil from different species, different localities, different parts of the 
animal, and from fat and lean whales. The latter yield oils of lower iodine 
values than those from fat whales. The saponification and iodine values of 
the blubber oils from different tribes of whales show consistent, if not very 
large, variations and suggest the influence of variation in the food. Lund's 
paper contains a very large number of interesting statistics of the analytical 
characteristics of whale oils from both northern and southern hemispheres, 
and should be read by all interested in this subject. A similar review of 
many samples of oil from different parts and different specimens of the blue 
whale, together with detailed component acid analyses in certain cases, has 
been published by Tveraaen ,57 whilst corresponding data for the principal 
food (Euphausia superha) of the whale and for the composition of whale milk 
fat are given by Klem,^ who also discusses the influence of pregnancy and 
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lactation on the composition of the oil from various parts of the body of the 
whale. 

On the other hand, not many detailed component acid analyses are 
available in the case of whale oil, these comprising three studies carried out 
many years ago in the earliest days of the ester-fractionation procedure, and 
two comparatively recent investigations (Table 15). 


TABLE 15. COMPONENT ACIDS (fVTS. PER CENT) OF WHALE 
BLUBBER FATS {BAL^NIDAE) 

Saturated Unsaturated 


Whale Oil 

Ci 4 

Gift 

Gia 


Ci 4 

Gift 


Gis 

G20 

C22 

Arctic 

41 

10-6 

3-5 


— 

18-4 


32-8 

19-3 

n-3 







(-2-5H) ( 

C-3H) 

f— 7H) 

r~8H) 

Newfoundland 

7-6 

9-7 

2-8 


1-4 

18-3 


43*9 



16-0 





( 

-2H) 

(-2H) 

(- 

-2-4H) 


(~8H) 

South Sea 

8-0 

12-1 

2-3 


1-5 

15 0 


42-4 

8-2 

10-5 





(■ 

-2H) 

(~2H) 

(- 

-2-4H)( 

— 7-5H) 

(-9H) 

Antarctic 

7-6 . 

19-6 

— 


1-4 

11-6 


39-1 

14-7 

6-0 





c- 

-2H) 

(-2H) 

(- 

-2 9H) ( 

-6-8H) ( 

-9 6H) 

Antarctic 

6-3 

18-2 

2-4 


3-7 

13-3 


38-4 

11-4 

6-3 


(— 2H) (— 2H) (— 2*6H)(— 5*6H)(— 9'OH) 

It is possible that the figures for the C20 ^-nd C22 acids in the older 
analyses may be not very accurate — ^the complete absence of ^20 acids from 
the Newfoundland oil is of course very unlikely, in the light of all recent 
analyses of marine animal fats. Apart from this, however, there can be 
little doubt that the Arctic whale oils usually contain considerably more 
highly unsaturated C20 or, at all events, C22 acids than the oils from Antarctic 
regions. The iodine values of the latter are invariably lower than those of 
the former (no— 120 for Antarctic as compared with 140— 150 for Arctic and 
Greenland oils). The general characteristics of whale oils from different 
regions as given by Lund {Loc. cit^) also illustrate these differences in com- 
position. How far such variations are due to differences in food, in tem- 
perature, or in salinity of the sea-water, etc., or to species differences, is not 
yet clear. No detailed analyses of a comprehensive nature have yet been 
carried out on the component acids of oils from the various species of whale, 
but many records have been given by Japanese and other workers of the 
general analytical characteristics of whale blubber oil from the more common 
species, such as the Greenland, right, finner, sei, humpbacked, and other 
whales. 

The Antarctic blubber oils have a range of component acids which is, on 
the one hand, somewhat similar to that of some of the New Zealand fish liver 
oils {cf. Table 4, pp. 34, 35) in the slightly low content of hexadecenoic acid 
and the high content of imsaturated C^s acids (approaching 40 per cent.) ; on 
the other hand, there are resemblances to typical English fresh-water fish 
liver fats in the unsaturated Cjs acid content and also in the relatively low 
content of C22 acids with a high degree of average unsaturation. The 
differences are sufficient, however, to justify the Antarctic whale blubber 
acids being considered, for the present at any rate, as a fairly distinct type of 
mixture ; moreover, the content of saturated acids is high (over 25 per cent.) 
and the proportion of myristic acid is definitely larger than in the great 
majority of fish oils. Oleic acid accounts for nearly 90 per cent- of the 
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unsaturated Ciq acids, the rest being made up of small amounts of octa- 
decatetraenoic acids and octadecadienoic acids, but the ordinary linoleic 
acid of seed fats is not present in detectable quantities amongst the latter 
(Green and Hilditch)^^ 

The component acids of whale liver oil are of biochemical interest. 
Klem 7 has given the following figures for the liver oil of a blue Antarctic 
whale : fatty content of liver, 3-5 per cent. ; liver oil, iodine value 166, 
unsaponihable matter 9*3 per cent. ; fatty acids, mean molecular weight 
303, solid acids 24 per cent., highly unsaturated acids 18 -i per cent. 
The fatty acid -characteristics suggest close similarity between the component 
acids of the liver and blubber fats. 

It is even more interesting to find that the component acids of whale milk 
fat are also very similar in type to those of the liver and of the main depot 
fats. Schmidt-Nielsen and Frog state that, in finner whale milk fat, 
acids of lower molecular weight than lauric are absent, and that the pro- 
portions of the chief homologous series of acids present are C14 5*5, G^e 22, 
C18 32, C20 Q-nd C22 39 per cent. Since hexadecenoic, oleic, gadoleic, 
and clupanodonic acids were identified and the iodine value of the milk 
fat was 138-7, it seems almost certain that the composition of the whale milk 
fat is very little different from that of the blubber fat. Klem ^ has given 
similar data for the milk fat of a blue Antarctic whale : component acids, 
saturated, C14 8-4, Cig i6-8, Cxs 1*8 per cent. ; unsaturated, C14 1*2 ( — 2H), 
Cie 6-2 (— 2H), C18 26-8 (— 3-3H), C20 25*9 (— 8-5H), and C23 12*9 ( — iiH) 
per cent. It would therefore appear that the characteristic presence of 
the saturated acids of lower molecular weight (down to butyric acid) is con- 
fined to the milk fats of land animals ; even here (c/. Chapter III, pp. 93, 94) 
the proportions of these lower saturated acids vary quite considerably in 
different species of mammals - 

The sperm whale family (Physeteridae). The oils from the blubber and 
the head cavity of the sperm whale (Physeter macrocephalus) differ from those 
of other whales in that they consist mainly of esters (waxes) of higher 
aliphatic alcohols and acids, with only subordinate amounts of glycerides. 
Further, their component fatty acids are quite distinct in type from those of 
ordinary whale oil or of other marine animal oils. Unsaturation is almost 
wholly confined to the mono-ethenoid state, and the average molecular 
weight of the acids is lower in both head and blubber oils than in ordinary 
whale oil. This is illustrated by the detailed analyses of Antarctic sperm 
whale oils in Table 16 (Hilditch and Lovem).®i 

TABLE 16. COMPONENT FATTY ACIDS \WTS. PER CENT.) OF 
SPERM WHALE HEAD AND BLUBBER OILS 


Saturated acids : — 

Head Oil 

Blubber Oil 

Dccanoic 

3-5 



Laurie 

16 

1 

Myristic 

14 

5 

Palmitic 

8 

6-5 

Stearic 

2 


LTnsaturated acids : — 

Cia series 

4 (-2H) 

14 (-2H) 

15 (~2H) 

17 (—2H) 

6-5 (— 2H) 

4 (-2H) 
26-5 (— 2H) 
37 (~2H) 

19 (■--2-5H> 
1 (~4H) 
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The blubber oil acids resemble other whale blubber acids much more 
closely than those of the head oil ; but unusually large proportions of hexa- 
decenoic and C14 acids, with minor amounts of lauric acid, are present even 
here, whilst oleic is practically the only unsaturated Cig acid and the amount 
of polyethenoid C20 or C22 acids is extremely small. The hea.d oil is almost 
unique (for an animal oil) in its content of decanoic, lauric, and myristic 
acids, the fat of the amphibian green turtle (Chapter III, p. 62) being the 
only other similar case at present recorded of the presence of relatively large 
amounts of lauric and myristic, as well as palmitic, acid. The proportion 
of oleic acid in the head oil is remarkably small and, although a small 
percentage of gadoleic acid was observed, C22 acids are absent. 

The hexadecenoic and oleic acids of both oils have the usual (A®*^^) 
structure. The unsaturated 0^4 acid of the head oil is A ^ * ®“tetradecenoic 
acid (Tsujimoto,®2 Hilditch and Lovern,®i Toyama and Tsuchiya and 
according to the Japanese workers the same acid is present in the blubber 
oil; Hilditch and Lovem, however, identified a A^'^^-tetradecenoic acid 
in the latter. Toyama and Tsuchiya also state that the mono-ethenoid 
C12 acid of the head oil is A^ ‘^-dodecenoic acid and that it is present in 
traces in the blubber oil ; whilst they found traces of a A ® * ^^-decenoic acid 
in the head oil. 

The sperm head oil studied by Hilditch and Lovem consisted of a 
mixture of about 74 per cent, of wax esters with 26 per cent, of triglycerides, 
whilst the blubber oil contained about 66 per cent, of wax esters and 34 per 
cent, of triglycerides. The proportions of the chief component alcohols 
were approximately as follows : — 

Saturated alcohols : 

Ci 4 Tetradecyl 
Cie Hexadecyl (cetyl) 

Cl 8 Octadecyl 

Unsaturated alcohols : 

Cl 8 Hexadecenyl 
Cl 8 Octadecenyl (oleyl) 

C 20 Eicosenyl 


Head Oil 
8 
44 
6 


Blubber Oil 

25 

1 


4 

28 

10 


66 

8 


The head oil contained nearly 30 per cent, of fully saturated esters and 
glycerides ; the component acids present as glycerides or wax esters in the 
fully saturated portion were made up of decanoic 13 *5 > lauric 41 *5 > myristic 
29, palmitic 12, and stearic 4 per cent. ; whilst the corresponding alcohols 
consisted of tetradecyl 13, hexadecyl 80, and octadecyl 7 per cent. Thus 
there is a distinct tendency for the fully saturated wax esters to be formed 
preferentially from the acids and alcohols of lower, rather than from those of 
higher, molecular weight. The chief constituents of spermaceti,'" accord- 
ingly, will tend to be cetyl myristate and laurate, rather than cetyl pahnitate. 
Hilditch and Lovem were able to give a rough outline of the probable 
main classes of esters and glycerides (saturated, saturated-unsaturated, and 
wholly unsaturated) present in the sperm head oil {cf. original, loc, cit,). 

The blubber oil contained only about 2 per cent, of fully saturated esters 
or glycerides and no detailed statement of its structure could be given. The 
main components are evidently oleyl oleate and oleyl hexadecenoate wdth 
subordinate proportions of cetyl oleate and hexadecenoate, together with the 
34 per cent, of mixed triglycerides of the component acids. 
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The segregation of the acids and alcohols of lowest molecular weight in 
the head oil, and also of these components into the fully saturated portions 
of the latter, is a phenomenon similar to that observed subsequently in a 
number of other instances. It is an example of the behaviour which Lovern 
has correlated with a possible filtration or '' absorption mechanism in 
which molecular size is considered to operate as a controlling factor in the 
type of fat deposited. . 

Other alcohols than those mentioned as chief components have been 
detected in small amounts in the sperm oils. These include A ® ' ^-tetradecenyl 
alcohol in the head oil (Toyama and Tsuchiya 65 )^ and traces of 
hexadecenyl alcohol, of an eicosatetraenol, C20H33.OH, and of a docosa- 
pentaenol, C22H35.OH (Toyama and Akiyama . 

It is of the greatest interest to note that the liver oil of the sperm whale 
is apparently largely glyceridic and that its component acids align themselves 
with other marine animal liver oils. Tsujimoto and Kimura 67 have given a 
partial analysis of the mixed acids of sperm whale liver oil as follows : 
saturated acids (chiefly palmitic) 25, mono-ethenoid acids 42, and poly- 
ethenoid (C20 3.nd C22) acids 23 per cent. This composition is clearly similar 
to that of the majority of marine fish liver acids. The characteristic 
alcohols, and lower fatty acids, of the sperm whale depot fats are therefore 
substantially absent from the liver fat. The same circumstances occur also 
in the case of dolphin and porpoise fats {cf, below) . 

Although the most familiar instance of the occurrence in large amounts of 
wax esters in an animal fat, the sperm head and body oils must not be 
supposed to be unique in this respect. There may well be other examples so 
far unobserved. Indeed, Tsujimoto 68 has recently stated that the fat of 
the ovary of the grey mullet {Mugil Japonicus) contains 40 per cent, of 
“ unsaponifiable matter,'' which is made up (apart from about 9 per cent, of 
cholesterol) of a mixture of cetyl, octadecyl, hexadecenyl, and oleyl alcohols ; 
the fatty acids, with an iodine value of r86, yielded over 50 per cent, of 
ether-insoluble bromo-additive products and therefore (in the absence of 
any more detailed analysis) would appear to belong to one or other of the 
“ aquatic " types of fatty acid mixtures. The original '' fat," so far as can 
be judged from the merely qualitative data given, certainly contained a high 
proportion of wax esters and was apparently not very dissimilar from sperm 
blubber oil. 

The dolphin and porpoise family (Delphinidae) , In this group we encounter 
the most extreme case of an anomalous depot fatty acid, namely, the occur- 
rence in quantity of the branched-chain, odd-number," isovaleric acid, 
C5 Hio^ 2» in the jaw, head, and blubber fats of this family of marine mammals. 
The acid was actually first observed in dolphin oil by Chevreul ,69 although it 
was not until comparatively recently that its identity as isovaleric acid, 
{CH3)2CH.CH2.C00H, was definitely confirmed (Gill and Tucker 70 ; 
Klein and Stigol 7 i) . Gill and Tucker 7 o found in the j aw oil of a species of 
dolphin {Tunsiops truncatus) 86*7 per cent, isovaleric, 8*4 per cent, palmitic, 
^nd 4*9 per cent, oleic acid ; the oil contained about 19 per cent, of higher 
fatty alcohols in addition to glycerides. 

The most complete information yet available for these fats is, however, 
the detailed analysis by Lovem 60 of the body and head oils of a dolphin 
(of unknown species), together wit|i similar studies of the body, head, jaw, 
. and various organ fats of an adult female porpoise (Phoccena communist 
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with a well-developed fcetus. Some particulars of these different fats are 
given in Table 17- 


TABLE 17. 


PARTICULARS OF DOLPHIN AND PORPOISE FATS 
(LOVERN^^) 


Species 

Fat from Fat in 
Tissue 
(Per Cent.) 

Iodine 

Value 

Sap. 

Equiv. 

(Per 

Cent. 

Dolphin 

Body blubber 

80-90 

1360 

263-4 

2-2 . 


Head blubber 

80-90 

82-33 

228*4 

7*5 

Phqccena communis Body blubber 
Head blabber 

80-90 

80-90 

88*82 

64-76 

225*7 

204*7 



Jaw 

80-90 

44-93 

196-3 

3-6 


Foetal body 
blubber. 

80-90 

108-9 

267-8 

2-4 


Heart 

ca. 2 

121*3 

— 

9*7 


Lungs 

ca. 2 

119-5 

— 

15-0 


Liver 

ca. 5 

175*0 

— 

32*1 


Unsaponifiable 


Type 

Mainly higher al- 
cohols. 


Largely cholesterol 
Mainly cholesterol 


The weight and molar percentages of the component acids in each fat of 
Table 17 are given in Table 18 (p. 56) ; owing to the extreme difference in 
molecular size between isovaleric and, for example, C22 acids it becomes urgent 
here to make comparisons on a molar, and not merely a weight, percentage 
basis. 

Perhaps the most remarkable feature of the figures in Table 18 is that 
the porpoise organ fats, without exception, contain no isovaleric and lauric 
acids, and do not contain unusually large proportions of C14 and C^e acids. 
High proportions of the acids of low molecular weight, and the presence of 
isovaleric acid, are confined to the depot fats of the body, head, and jaw of the 
animal. The foetal fat had only a minute amount of isovaleric acid, but 
contained large quantities of C14 and Ci© acids, whilst the degree of unsatura- 
tion of the C18 and C20 acids was the highest in the whole series, considerably 
higher even than that of the maternal liver. It appears that isovaleric 
acid was not passed through the placenta, and that the portion found in the 
foetal blubber was produced by metabolic processes in the foetus itself. 
A small amount of fat was isolated from the placenta and the glyceride and 
phosphatide fractions separated. No Isovaleric acid was present, and the 
glyceride acids had an iodine value of 117-7 a mean equivalent of 275*5. 
Hence no large proportions of C14 and C^q acids could have been present. 

Further, Lovern studied the glyceride structure of the porpoise body fat 
and proved that four-fifths of the isovaleric acid present was in combination 
with higher fatty acids in the form of mixed glycerides, whilst the remaining 
fifth was present in mixed fully saturated glycerides, but no tri-isovalerin 
was detected. Hence, although isovaleric acid is absent from the liver or 
other organ fats, its mode of association in the depot fat glycerides with the 
higher fatty acids is exactly similar to the manner in which the latter are 
themselves assembled as mixed glycerides. The lower normal fatty acids 
(C12, C14) are, as in other cases, concentrated in the fully saturated glycerides 
in preference to palmitic or stearic acids, but this does not hold to any extent 
in the case of isovaleric acid. 

Lovern has pointed out a progressive change in the total amounts of the 
different molecular groups present in the body, head, and jaw depot fats. 
For instance, in Phoccena communis, on passing from body to head and head 
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to jaw, the isovaleric, lauric, and myristic acid contents rise steadily, and 
the Cis, C20, and C22 acids faU. This is shown by the molar percentages of 
each homologous group of acids given in Table rg. 

TABLE 18. COMPONENT ACIDS OF DOLPHIN AND PORPOISE FATS 

iLOVERN^o) 

(i) Weight Percentages 


Species Depot Saturated Unsaturated 

— — ^ I. — I — ■ — ^ 


Dolphin 

Body 

C 5 

3-2 

C 1.2 

1-0 

Ci4 

7-2 

Cia 

8-6 

Cl s 
0-8 

Ciit Ciet 
4-7 25-9 

Cl a 

24-1 

(-3-3H)( 

C 20 C 2 a 

18-6 5-9 

-6-5H)(-7-6H) 

- 

Head 

13*9 

2-4 

12-5 

11-6 

0-4 

2-7 

25-4 

15-8 

(-2-8H)( 

12-7 2-6 

-5-5H)(— 7-2H) 

Phoccena 

communis 

Body 

13-6 

3-5* 

121 

4-7 

— 

4-7 

27-2 

16-7 

C~-2-8H) (- 

10-5 70 

-4-8H) (— 4-9H) 


Head 

20-5 

4-1 

15-8 

7-5 

0-2 

4-6 

20-8 

15-2 

(-2-6H)(- 

9-4 1-6 

-4-5H)(— 4*7H> 


Jaw 

25-3 

4-6* 

28-3 

4-1 

— 

3-2 

20-3 

9-3 

(-2-6H)(- 

4-9 — 

-4-9H) 


Foetus 

1-2 


14-9 

0-6 

— 

12-3 

48-1 

15-4 

(-40H)(- 

7-5 — 

-7-4H) 


Liver 

— 

— 

— 

7-6 

5-5 

— 

6-1 

42-5 

(-2-8H)(- 

27-3 11*0 

-5-4H)(-~6-5H) 


Lungs 

— 

— 

4-6 

9-0 

1-2 

0-1 

16-5 

27-0 

(-2-4H)(- 

31-0 10-6 

-3-3H)(-5-4H) 


Heart 

— 

— 

8-1 

8-2 

4-4 

4-4 

16-8 

50-4 

7*6 


(-3-6H)(-5-4H) 

(ii) Afolar Percentages 


■ Species Depot Saturated Unsaturated 

^ A ^ ^ A 


Dolphin 

Body 

C 5 

8-0 

C 12 

1-3 

C 14 

8-1 

Cie 

8-6 

Cl a 

0-7 

Ci4t 

5-3 

Cist 

26-1 

Cl 8 

21-9 

Ca 0 
15-5 

Ca, 

4-5 


Head 

29-2 

2-6 

11-7 

9-7 

0-3 

2-5 

21-4 

12-0 

8-9 

1-7 

Phoccena 

communis Body 

28-7 

3-8 

11-4 

3-9 


4-5 

23-0 

12-8 

7-4 

4-5 


Head 

39*6 

4-0 

13-4 

5-7 

0-1 

3-9 

16-0 

10-5 

5-9 

0-9 


Jaw 

44-7 

4-1 

22-4 

2*9 

— 

2-6 

14-4 

6-0 

2-9 

— 


Foetus 

2-9 

— 

16-2 

0-6 

— 

13-5 

47-0 

13-7 

6-1 

— 


Liver 

— 

— 

— 

8-6 

5-6 

— 

6-9 

43-7 

25-7 

9-5 


Lungs 

— 

— 

5-7 

10-0 

1-2 

0-1 

18-4 

27-2 

28-4 

9-0 


Heart 

— 

— 

9-5 

8-6 

4-2 

5-2 

17-7 

48-2 

6-6 

— 

* 

t 

Trace of dodecetioic acid present. 
The unsaturated C 14 and Cie acids 

were 

substantially 

mono-ethenoid , 



TABLE 19. ACIDS OF DOLPHIN AND PORPOISE DEPOT FATS 
ARRANGED IN MOLECULAR GROUPS 


Species 

Depot 

Ca 

Cl, 

C 14 

Ci 6 

Cia 

Caq 

c,. 

Dolphin 

Body 

8-0 

1-3 

13-4 

34-7 

22-6 

15-5 

4-5 


Head 

29-2 

2-6 

14-2 

31-1 

12-3 

8-9 

1-7 

Phoccena communis 

Body 

28-7 

3-8 

15-9 

26-9 

12-8 

7-4 

4-5 


Head 

39-6 

4-0 

17-3 

21-7 

106 

5-9 

0-9 

99 

Jaw 

44-7 

4-1 

25-0 

17-3 

6-0 

2-9 



This description of the dolphin and porpoise fats may be concluded with 
some quotations from Dovem's discussion {loc. cit.) of the question : 
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“ This suggests that one of the mechanisms operating in the case of these 
animals to control the type of fat laid down in the different depots rests on a basis 
of molecular size and might almost be some form of molecular filtration. Pre- 
sumably the acids enter the depots as glycerides and not as free fatty acids, but 
in either case similar reasoning could be applied. If we visualise fat deposition 
taking place selectively on any basis of permeability differences, we should 
expect to find, mutatis 'mutandis, that the less permeable depots (as found by 
analysis of the fatty acids) would be the smaller in size. Low molecular weight 
components will find equally easy entry into all depots, but the larger molecules 
will only readily enter the more permeable depots. In actual fact, such is the 
case. In the dolphin and porpoise, the body fat is much greater in quantity 
than the head fat, which in turn is much greater than the jaw fat. 

The peculiar composition of the porpoise and dolphin depot fats raises some 
interesting questions. Where, for instance, is the site of the production of the 
lower fatty acids, due perhaps to breakdown of the C^o and C22 acids ? Also of 
the isovaleric acid, which is apparently produced quite separately, and* combined 
into mixed glycerides in a different manner from the other lower acids ? That this 
site is the liver seems most unlikely, in view of the apparent entire absence of 
these acids from it — ^indeed, the liver fat closely resembles the other organ fats 
examined. In fact, the organ and the depot fats are so thoroughly difierent in 
their whole composition that it is difihcult to imagine the liver playing any large 
part in the metabolism of these depot fats. An organ that is worthy of attention 
in this respect is the spleen, in view of its function of removing fat from the 
blood during alimentary lipaemia (Marino and hence its role as an inter- 
mediary in the formation of depot fats from food fat {cf. also Leites et a?.’®). 

In the case of the foetus it seems probable that the fat received from the 
maternal system is mainly of the ordinary marine type. This is modified by 
the foetus in two ways : by production of much C14 and C^e acids in place of 
C20 ^22* and by admixture of isovaleric acid. The metabolic process from 

which the isovaleric acid arises evidently does not function to any great extent 
up to this stage. The characteristic composition of the foetal fat is further 
evidence that the isovaleric acid and the lower ^^-acids are produced by separate 
processes.’" 


Another series of analyses of body, head, and jaw fatty acids from a 
further member of this family of marine mammals (the white whale,” 
Delphinapterus leucas) has since been published by Williams and Maslov,^^ 
who give the data reproduced in Table 20. 


TABLE 20 . COMPONENT ACIDS (fVTS, PER CENT.) OF DEPOT FATS 
OF DELPHINAPTERUS LEUCAS 


Acid 

Isovaleric 

Palmitic and Stearic 

Hexadecenoic 

Oleic 

Linolenic 

Stearidonic 

“ Clupanodonic ” 


Body 
(Per Cent.) 
40 
280 

510 

01 

1*2 


Head 
(Per Cent.) 
25-1 
29 * 1 
30-2 

0*7 

0-3 

06 


Jaw 

(Per Cent.) 
20-0 
14 T 

50-4 

1-2 

1*4 


Apart from obvious deficiencies in these figures, they show a somewhat 
similar character to those for the dolphin and porpoise in so far as the 
Isovaleric acid contents are concerned. 
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CHAPTER III 


THE COMPONENT ACIDS OF FATS OF LAND ANIMALS 

Fats occur in many different parts of animals, as they do in plants (c/ 
Chapter IV) . In each division, vegetable or animal, they are found both in 
the organs and tissues concerned with the growth and maintenance of life, 
and in special locations or depots (fruits in the vegetable world and adipose 
tissues in the animal kingdom) where they are stored as reserve material. 
Further, a special type of fat is usually present in the milk secreted by 
mammals as food for their young. 

Discussion of the ultimate composition of these various groups of animal 
fats is subject to the usual limitations, namely, paucity of detailed fatty acid 
analyses ha spite of abundant data on saponification values, iodine values, 
etc.,* of individual fats or of their corresponding mixed fatty acids.*' 
As has happened in the vegetable fats, the land animal depot fats hitherto 
studied in detail are those which are most common, most readily obtained in 
quantity in a pure state, and, incidentally, most in demand for edible or 
other industrial purposes. There is a consequent lack of perspective in any 
detailed description of the fatty acids of land animals as a whole, because 
attention has hitherto been focussed far too much on relatively few species. 
There is, for example, hardly any detailed data available for depot fats of 
the Carnivora, and none at all for those of the Primates (including human 
fat). Indeed, owing to the work carried out on fats of aquatic animals 
during the past few years, knowledge of the component fatty acids in the 
latter group is at present far more comprehensive than of land animal 
depot fats ; although, as stressed in the previous chapter, the instances 
there available still form an unduly small proportion of the whole range of 
natural fats of aquatic fauna. On the other hand, owing to the comparative 
simplicity of the major components (palmitic, stearic, oleic, and poly- 
ethenoid C^g acids) present in the majority of the depot fats of, at any rate, 
the larger land animals, it is to some extent permissible, although not 
altogether safe or desirable, to use the average molecular weights and iodine 
values of the mixed fatty acids (especially if the proportions of “ solid " 
and liquid ” acids have been recorded) as an indication of the probable 
composition of some of the depot fats for which no more detailed information 
has so far been given. 

It is only possible, consequently, at the present time to give an account 
of the animal depot fats of which the component acids have been adequately 
studied, to supplement this to some extent, and with discretion, from the 
general or average data on record in other instances, and to indicate the 
lacunae which remain to be filled by future experimental work. 

The constitution of the fats (glyceridic and phosphatidic) of animal 

* Not to mention specific gravities or refractive indices, which are usually 
faithfully recorded, * but which unfortunately do not assist in defining the 
miantitative comoosition of the fattv acids oresent ! 
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organs has been investigated in still less detail than that of the depot fats, 
owing doubtless to the smaller proportions of fatty matter usually present in 
most organs as compared with adipose tissue, and to the difficulties of 
separating organ fats in a pure condition in sufficient quantity for full 
examination. The same statement applies to milk fats, although during the 
last few years several welcome detailed analyses have appeared on the com- 
ponent acids of the milk fats of a number of different species of animals. 

In this chapter we shall consider in succession, and subject to the limita- 
tions already mentioned, the chief features of the component acids of land 
animal depot, organ (mainly liver) and milk fats. 


Component Acids of Depot Fats (Glycerides) 
of Land Animals 

In discussing the available data for the depot fats of the different categories 
of land animals, attention will be directed primarily to fats from animals 
whose diet has not contained more than two or three per cent, of fat, such 
fat being, as it were, that present in the normal food of the species (grass, 
grain, etc., as the case may be). When animals are fed on rations containing 
relatively large proportions of fat, much of the dietary fat may be more or less 
directly assimilated and the composition of the resulting depot fats is affected 
to a considerable extent according to the nature and amount of the fat 
ingested by the animal. This will be illustrated subsequently by examples 
in which animals have been fed on a high fat ration of known composition, 
and their depot fats submitted to detailed examination. 

It should be pointed out here that animal adipose tissue fats consist, as 
a rule, almost wholly of glycerides. In liver and other organ fats, in contrast, 
it is usual to find that the fatty matter also contains fairly large proportions 
of phosphatides, and also cholesterol and/or cholesterol fatty esters, in 
addition to mixed triglycerides. 


Depot Fats of Amphibia and Reptiles 
A few, very significant, detailed investigations of depot fats of the frog, 
lizard, and turtle family have recently (1933 and subsequently) been made.’*' 
Their significance lies in the circumstance that in all cases the component 
fatty acids form a link intermediate in almost all respects between those of 
depot fats of aquatic and of land animals. The data in question are collected 
in Table 21. 

* Previous to these detailed analyses Tsujimoto ^ had noted in 1920 that the 
fatty acids of many amphibians and reptiles yielded varying proportions of 
ether-insoluble bromo-additive products which indicated the presence of highly 
unsaturated acids of the C^q and C22 series and thus pointed to resemblance to 
the oils of aquatic fauna. The yields of the bromo-additive products obtained 
from the mixed fatty acids of different fats were as follows : giant salamander, 
21 per cent. ; toad, i per cent. ; turtle, 5 per cent. ; red turtle, 31 per cent- ; 
leather turtle, 38 per cent. ; giant lizard, 10 per cent. ; python, 2 per cent. ; 
viper, 8 per cent. 
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TABLE 21. COMPONENT FATTY ACIDS {WTS, PER CENT.) OF 
AMPHIBIAN AND REPTILE DEPOT FATS 


Saturated Unsaturated 

> - . — 


Gi2 

Ci 4 

C16 

Gi8 Ci4 

Gi6 

Gjs 

G 20-22 

Frog CPana — 

4 

11 

3 — 

15 

52 

15 

temporaria) ^ 




(-2H) 

(ca.— 2*5H) 

(ca.- 6 H) 

Lizard (1) (Varanus — 

4 

18 

7 — 

10 

56 

5 

Salvator) ® 




(-2H) 

(-2-4H) 

(ca.-5H) 

Lizard (2) Varanus — 

4 

29 

10 — 

12 

40 

5 

Salvator) * 




(-2H) 

(— 2-7H) 

(-5-5H) 

Greek tortoise — 

1 

14 

4 __ 

9 

65 

7 

(Testudo grcecd)^ 




(~2H) 

(~2*4H) 

(ca.-4H) 

Green turtle {Chelone 13*3* 

10*6 

17*0 

4*1 1*3 

7*8 

39*6 

6*1 

my das) ® 



(”2H) 

(-2H) 

(— 2*2H) 

(~6-3H) 


* Also 0-2 per cent, decanoic acid. 


Despite marked differences in quantitative (and in one case qualitative) 
composition, it will be seen at once that the unsaturated C^e and C20-22 acids 
of the fats in Table 21 are present in smaller proportions than in fish depot 
fats, whilst the unsaturated Cis acids (in which oleic predominates) become 
the most prominent individual group. We shall find {vide infra) that in 
depot fats of the larger animals the hexadecenoic and C20-22 acid contents 
are reduced to very small proportions. The saturated acids of the fats in 
Table 21 are more reminiscent of typical fish, etc., fats than the unsaturated 
components, but in one case the proportion of palmitic acid has risen to the 
amount characteristic of the larger land animal depot fats. 

The data for the fats of the frog, Greek tortoise, and one of the lizards (i) 
were given in 1933 and 1935 by Klenk, who commented on the circumstance 
that the fatty acid compositions were intermediate in character between 
those of corresponding fats from land mammals and fishes. Actually, the 
frog fat is nearer in type to aquatic than to land animal fats, whilst the 
Greek tortoise and lizard (r) fats are more definitely intermediate in com- 
position. Of the two lizards, the specimen (i) examined by Klenk was a 
mature animal which had been kept in captivity for some years, whilst 
lizard (2), of the same species, was a very young wild animal killed in Ceylon. 
Differences in diet and other factors may have contributed to the differences 
(mainly in palmitic and imsaturated acid contents) observed in the depot 
fat component acids. 

The fat of the green turtle ^ (a specimen from the Seychelles) stands 
apart from the rest, since its acids include about 15 per cent, each of lauric 
and m37ristic acids. The presence of unusually large amounts of myristic 
acid in Japanese green turtle fat had been reported by Tsujimoto ® shortly 
before the data in Table 21 were given by Green and Hilditch ; Tsujimoto 
also mentioned the probable presence of lauric and hexadecenoic acids. In 
the specimen of fat examined quantitatively, lauric, myristic, and palmitic 
acids occurred in approximately equimolecular proportions and together 
amounted to half of the total fatty acids. The unsaturated acids conformed 
with those of the other fats in Table 21, and consisted largely of oleic, with 
minor proportions of unsaturated Cje and C20-22 acids. The unusual 
presence of lauric and the unusually high content of myristic acid in the fat 
of the green turtle may well be a species distinction ; at all events there would 
seem to bb no likelihood that the normal food of the animal contains fats 
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rich in latiric acid, (It may be remarked that, in the case of crab liver oils, 
early observations 7 suggest the presence of considerable proportions of 
lauric acid and minor amounts of lower, steam-volatile saturated acids in 
the fat of an East Indian crab, Birgus latro ; whereas Tsujimoto ^ found 
that the acids from the liver oil of a Japanese species, Baralithodes camt- 
schatica, included 85 per cent, of liquid unsaturated acids, mainly of the 
^l 8 ^ ^20* ^22 series — thus belonging apparently to the general aquatic 

type.) 

Insect Fats 

Before continuing with the discussion of animal depot fats, the informa- 
tion in .the literature (very slight in amount) on insect fats may receive brief 
notice- (Here, of course, we are considering the glyceridic fat present in 
insects or their larvae, and not the waxes elaborated by some species, such as, 
for example, bees or the cochineal insect,) 

Chrysalis oil,’' which forms about 25 per cent, of the cocoon of the silk- 
worm, Bomhyx mori, has received most attention. Kimura ^ gave the fatty 
acid composition as about 25 per cent, of saturated (mainly palmitic) acids 
with about 22 per cent, oleic, about 38 per cent. Hnoleic and about 15 per 
cent, linolenic acids, whilst a recent communication by Bergmann states 
that the average composition is : palmitic 20, stearic 4, arachidic, etc., less 
than I ; hexadecenoic 2, oleic 35, linoleic 12, linolenic 25 and higher un- 
saturated acids 1—2 per cent. Bergmann adds that the chrysalis fat of 
the tent moth, Malacosoma americana, has a similar composition, Des- 
vergnes found that the mixed fatty acids in the larva fats of two insects 
of unknown origin contained respectively 20 and 35 per cent, of saturated 
acids, the unsaturated acids having iodine values of 140 and 95, and the 
total acids respective mean molecular weights of 269 and 263 ; these data, 
so far as they go, suggest that palmitic and unsaturated Cis acids may have 
been the major component acids. 

Of insect body fats, locust {Oxya japonica), according to Tsujimoto,^^ 
contains about 3 per cent, of fat composed of a mixture of about 25 per cent, 
saturated (palmitic and stearic) and 75 per cent, oleic, linoleic, and linolenic 
acids ; he also states that the 2*4 per cent, of fat in Japanese crickets 
{Aceta ndtrata) contains mainly oleic with some polyethenoid Cis acids and 
some saturated acids. The body of a Brazilian butterfly, Myelohia smerintha, 
is stated by Thoms is to contain 22 per cent, of fat, the acids of which consist 
of about one-third saturated (palmitic and stearic) and two-thirds unsaturated 
(oleic). The general characteristics of a few other fats of insects belonging 
to the Coleoptera, Diptera, and Orthoptera have been reported, from which 
it appears that the major components are oleic and linoleic acids and that, 
although palmitic acid is probably also present, acids of lower molecular 
weight are absent. An exception to this statement is, however, found in the 
fat of Pemphigus species (Aphidse), the acids of which are reported by 
Schultz 1^ to have a mean molecular weight of 218 and to include butyric, 
caprylic, and lauric as well as palmitic acids. 

The body fat of the cantharides beetle has received some attention. 
Iyer and Ayyar is state that fat (including 5 per cent, of unsaponifiable 
matter) amounts to 12-5 per cent, of the dry weight of the Indian species 
Mylahris pusttdata, the component acids being palmitic 13, stearic 32, 
arachidic i, and oleic acid 54 per cent. Janot and Faudemay 1® found 

63 
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the proportions of the fatty acids in the lipoids of the species Lytta vesicatoria 
to be somewhat variable, the major components being palmitic and oleic 
acids, with minor amounts of stearic, linoleic, and linolenic acids. 

The larvae of a beetle {Pachymerus dactris) which had fed on the endosperm 
of the nuts of Manicaria saccifera (Palmae) were found by Collin to contain 
nearly 50 per cent, of fat, the component acids of which were made up 
approximately as follows : lauric 24, myristic 21, palmitic 8, oleic 32, 
linoleic 3, and a further 12 per cent, of stearic, oleic, or linoleic acids. Com- 
paring these figures with those for the kernel fat of Manicaria saccifera 
(Chapter IV, p. 162), it appears that the acids of lower molecular weight 
(of which lauric acid is the chief) are present in the larva fat in only about 
half the amount in which they occur in the kernel fat, while oleic and linoleic 
acids probably form about 40 per cent, of the mixed acids in the larva fat, as 
compared with only ii per cent, in the kernel fat. This rather suggests 
that the insect has derived its fat partly by direct assimilation of the pre- 
formed vegetable fat, and partly by synthesis from carbohydrate (or other 
non-fatty) components of the kernel. If this be the case, it would appear 
that the development of fat in insects may follow a course not very different 
from that which takes place in the larger land vertebrates. 

On the whole, it seems likely that insects, in the larval as well as mature 
state, lay down fats somewhat similar in type to those produced by mammals, 
and that, like the latter, they can assimilate fats present in their diet and also 
synthesise fat from other constituents of the food. More complete study of 
insect fats than has hitherto been made might well be of interest from a 
biochemical standpoint. 


Bird Depot Fats 

Birds deposit fat chiefly in the region of the gizzard, which contains an 
adherent layer of fat, close to the mesenteric membrane. Fat is also present 
in the mesenteric membrane, and around the kidneys ; whilst there is a fair 
quantity of adipose tissue in the superficial layers of the abdomen, with other 
minor deposits of subcutaneous fat in the neck and other parts of the skin. 

There are very few detailed analyses of bird depot fats, those of the 
domestic hen alone having been studied by the ester-fractionation process. 
Goose, hen, and Australian emu fats have been partially examined by means 
of lead salt (Twitchell) or oxidation (Bertram) processes by Bomer and 
Merten, by Grossfeld,^^ and by Morrison, 20 with the results given below 
(Table 22) ; apart from this, only general characteristics have been given for 
a few other bird fats. 


TABLE 22. COMPONENT ACIDS iWTS, PER CENT) OE GOOSE, HEN, 
AND AUSTRALIAN EMU DEPOT FATS 

(Separation into “ solid ” and “ liquid ” acids only.) 


Palmitic 

Stearic 

Oleic 

Linoleic 


Goose Fat Hen Fat 


(Bomer and 

(Grossfeld 

(Grossfeld ^®) 

Merten ^*) 


21*8 

20-9 

18-4 19-3 

3-9 

10 6 

8-9 7-5 

7f3 

49*0 

54-7 55 4 

— 

19-3 

179 178 


Emu Fat 
(Morrison *®) 

y 40 

y 60 
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Grossfeld pointed out. that the percentage of palmitic acid, calculated 
from the saponification value of the total mixed fatty acids, was about 
lo units higher than that calculated from the molecular weight of the 
separated '' solid fatty acids, and attributed this to the presence of fatty 
acids lower in molecular weight than palmitic acid. Hilditch, Jones, and 
Rhead investigated, by the ester-fractionation procedure, the abdominal, 
gizzard, and neck fats from two groups of Light Sussex hens (respectively 
seven months and two years old) which had been reared at the Cambridge 
School of Agriculture on controlled diets. The results showed that either, 
as Grossfeld supposed, saturated acids of lower molecular weight than 
palmitic acid were present or, alternatively, that an unsaturated acid of 
lower molecular weight than oleic acid was present. Examination of the 
lower-boiling liquid ” or unsaturated ester fractions did not reveal any 
saturated acid other than palmitic, but quantitative oxidation with per- 
manganate in acetone clearly indicated that the mean molecular weight of 
the unsaturated esters was lower than that of methyl oleate. Hydrogena- 
tion of the '' liquid '' esters, followed by fractionation, disclosed a corre- 
sponding increase in palmitic esters in the now saturated esters (showing the 
original presence of a hexadecenoic ester) ; and independent calculations from 
the results of the quantitative oxidation and hydrogenation studies gave 
accordant results for the proportion of hexadecenoic acid present. Finally, 
the hexadecenoic ester was prepared in a relatively pure condition from a large 
quantity of the hen fat, and was shown to be the A^’^^-hexadecenoic acid 
which is a common constituent of aquatic animal fats {cf. Chapter II, 
p. 28). Small amounts of unsaturated acids of the C20 and C22 series were 
also detected, and the final results given for the component acids of the six 
fats are shown in Table 23. 


TABLE 23. COMPONENT FATTY ACIDS {WTS. PER CENT.) OF BODY 
FATS FROM LIGHT SUSSEX HENS 

Biros aged 7 Months Birds aged 2 Years 



Abdominal Gizzard 

Neck 

Abdominal Gizzard 

Neck 

Myristic 

Od 

0*1 

0*3 

1-2 

0-6 

1-2 

Palmitic 

25*6 

25*2 

26-7 

240 

25-4 

24-5 

Stearic 

7-0 

7*1 

5*9 

4-1 

4-2 

4*2 

Hexadecenoic 

7-0 

7*6 

6*6 

6-7 

7-1 

6-9 

Oleic 

38-4 

36*9 

39-0 

42-5 

43-0 

42-8 

Linoleic 

21*3 

22*8 

21-2 

20*8 

18*4 

20-4 

C 20-22 unsaturated 

0-6 

0*3 

0-3 

0-7 

1-3 

Trace 


All these fats are closely similar in composition. The resemblance, in 
this case, between the fats from different parts of the birds presents a marked 
contrast to the differences found in fats from different depots of some of the 
larger animals (c/. pp. 77, 81, 88). The following features may be 
emphasised : — 

(a) Palmitic (with myristic) acid forms 27-28 per cent, (molar) of the 
total fatty acids ; oleic and linoleic acids account for 58—60 per cent, (molar) 
of the whole. The amount of stearic acid is small (4—6 mols. per cent.). 

(b) The occurrence of about 7 per cent, of A^'^^-bexadecenoic acid. 

(c) There are small but definite amounts of highly unsaturated acids of 
the C20 a-nd C22 series present, as in the fats of the land mammals. 

(d) The component acids of the hen fats are much more closely related 
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to such fats as those of the rodents than to those of aquatic fauna, or even 
of the amphibia or reptiles. 

How far the composition of hen fats is an accurate picture of avian body 
fats in general remains to be seen. The mean equivalents and iodine values, 
and the melting points of the fats and their mixed fatty acids, recorded in 
Table 24, suggest that at least there is a strong tendency towards a composi- 
tion based roughly on the presence of not more than 30 per cent, of saturated 
(palmitic) acid with 70 per cent, of unsaturated acids (the mean molecular 
weight of this mixture of fatty acids is about 274) . The data as a whole are 
an eloquent example of the uselessness of average characteristics and the 
pressing need for detailed analyses, before any real progress can be made in 
defining and discussing the composition of natural glycerides. 


TABLE 24 


Bird Depot Fat 

Fat 


Mixed 

Fatty Acids 


Iodine Value 

M. Pt.^ 

M. Pt. 

Mean Molecular 
Weioht 

Hen 

77-80 

30-32'^ 

34-36® 

272-274 

Goose, domestic 22 

66-73 

32-34® 

35-41® 

277 

„ wild 23 

67-99 


34-40® 

285 

Turkey 22 , 24 

66-81 

31-32® 

37-38® 

275-280 

Crane 2 ® 

71 


31° 

279 

Duck, tame 23 

58-72 

27-39® 


289 

,, wild 22 

84 

— 

36-40® 

282 

Starling 2 ® 

84 

30-35® 

38-39® 

268 


Effect of ingested dietary fats on the depot fats of birds. It is apparent 
that birds, like the land mammals, are capable of utilising ingested fat for 
reserve purposes as well as of synthesising their own characteristic type of 
fat when reared on a diet which is normally not over-rich in fat. Miss 
Cruickshank 2 6 has published data which, although based on observations 
of mean unsaturation (iodine value) alone, amply prove this in the case of 
the domestic hen. Before studying the effect of ingested fats of different 
types. Miss Cruickshank determined the iodine values of the mixed fatty 
acids from different fat depots in eight individual hens, with the results given 
in Table 25. 


TABLE 25. 

IODINE VALUES OF MIXED FATTY ACIDS OF 

FAT 

FROM 





DIFFERENT 

DEPOTS 





No. 

OF Hen 


Gizzard 


Neck 

Leg Muscle 

Abdominal 


3 


93 


92 


93 


90 


15 


79 


19 


— 


78 


17 


64 


67 


65 


65 


25 


90 


90 


90 



88 











Max. 

No. 










DIFF. 

OF 



Leg 

Abdo- 



Mesen- 

Epi- 

Av. 

between 

Hen 

Skin 

Neck 

Muscle 

minal 

Gizzard Kidney 

teric 

cardial 

I.V. 

Depots 

5 

87*3 

88*1 

86-2 

87*1 

84*5 

84*4 

84*0 

85*6 

85*9 

4-1 

8 

81*4 

78*0 

— 

— 

75*6 

77*7 




78*2 

5-8 

29 

92*0 

89*9 

88-4 

88*1 

89*0 

87*8 

88-0 

90*2 

89*2 

4*2 

32 

85*9 

81-7 

81*2 

80-8 

79-7 

81*6 

80*7 

85*7 

82*2 

6*2 


These fi.gures, which are in agreement with the conclusions to be drawn 
from the detailed component acid data given by Hilditch, Jones, and 
Rhead 21 for abdominal, gizzard, and neck fats of the hen, indicate that 
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there is comparatively little difference in composition in the fats from any of 
the depots in the body of the hen. As already pointed out, this uniformity 
of depot fat composition in diferent parts of the same bird is in marked 
contrast to the definite differences in the component acids of depot fats 
from different adipose tissues of the larger land mammals. 

Batches of hens were then fed on diets containing per cent, of either 
palm kernel oil, mutton tallow, or hempseed oil (the respective iodine values 
of these fats being 15, 45, and 160). In the case of the two relatively 
saturated fats, feeding caused a diminution of the iodine value of the depot 
mixed fatty acids from 81-83 to 51-55 in two months (palm kernel oil diet), 
and to 59—66 in four to five months (mutton tallow diet). The response to 
the hempseed diet was more rapid, the iodine value of the depot mixed fatty 
acids rising to 139-145 within six weeks. Conversely, resumption of the 
control (low-fat) ration caused a relatively rapid increase to normal iodine 
values for the depot fatty acids in the course of about a month in the case of 
hens which had received the palm kernel oil or mutton tallow, whilst about 
six months elapsed after return to the control diet before the high unsatura- 
tion of the depot fatty acids, resulting from the hempseed diet, fell to the 
normal figure of below 90. 

Depot fats of sea-birds. Sea-birds, which of course feed mainly on fish, 
are probably an instance in which it must be considered that the nature of 
the depot fat is affected considerably by the circumstance that relatively 
large amoimts of fat are assimilated directly from the diet. Koyama 27 
determined the percentage of ether-insoluble bromo-additive products 
obtained from the liquid " fatty acids of the depot fats of a number of 
Japanese land and aquatic birds. The former yielded very small amounts 
(not exceeding i per cent.) of ether-insoluble polybromides/' whereas the 
sea-bird fats gave much higher yields — ^up to 10—15 per cent, of products 
containing about 69 per cent, of bromine. 

Lovem 28 has recently carried out detailed analyses of the component 
acids of some sea-bird depot fats, with the results shown in Table 26. 


TABLE 26 . COMPONENT FATTY ACIDS (fVTS. PER CENT) OF SOME 

SEA-BIRD FATS 


Fat 
Con- 
tent Saturated 

(Per 

Cent.) C 14 ; Cl 6 Cl 8 Cj 

GannetCSula 6-7 3-2 17-1 3-6 - 

bassand) 


TJnsaturated 

C16 Cl 8 C20 E22 

10 ’5'2 28-3 24-2 17*4 

(-2-0H) (-2-0H) (-2-8H) (-4 0H) (— 6 -OH) 


Fulmar petrel 
{Fulmarus 
glacialis) 
Skua gull 
{Megalestris 
catarrhactes) 
Herring gull 
{JLarus 
argentatus) 


15-2 

2-0* 13-9 

3-2 

— 

0-9 3-9 26-9 26-8 22-1 

(— 2-OH) (-2 0H) (-2-8H) (-4 0H) (— 6 - 6 H) 

7-0 

1-9 

16-4 

5-7 

0-2 

0-4 4-6 32-6 19-7 Ig-S 

(— 2 0H) (-21H) (-2-6BD (-3-3H) (— 3-8H) 

9-7 

3*3 

18*5 

6-2 

0-2 

0-5 40 30-5 20-3 16-5 

(— 2 0H) (-2-3H) (— 2 - 8 H) (-41H) (— 4-9H) 

* 0-3 per cent, of saturated acids (capric) lower than C 14 . 


Lovem has pointed out that aU four fats (Table 26) are of the aquatic 
t5q>e, and are closely similar in their component acids to the average marine 
fish fat. The sea-bird fats differ from the latter, howev^, in unsaturation. 
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The stearic acid content is higher than in fish fats, whilst in two cases 
arachidic acid (which can hardly have been ingested) appears. Concurrently 
the degrees of average unsaturation of the C20 and C22 acids are reduced 
below the average for fish fats. 

The sea-birds thus form an exception to the broad rule that fat types can 
be correlated with phylogenetic relationships. Lovern suggests two possible 
explanations for this : {a) that they have no specific requirements and any 
type of depot fat will serve equally well, or {h) that in the course of evolution 
their specific requirements have been produced or modified to suit the normal 
diet. 

Bird egg fats. Apart from a few general characteristics which have 
been reported for the fatty matter present in the eggs of pigeons,29 ducks 
and geese, so attention has been confined to the egg of the domestic fowl, and 
even here there is at present little in the way of accurate detailed analysis. 
Phosphatides (egg yolk lecithin) are of course prominent in egg lipoids, and 
for the most part the recorded analyses do not differentiate between glyceridic 
and phosphatidic lipoids, but discuss the mixed fatty acids present in the 
total fatty matter. The ether-soluble lipoids amount to about 30—35 per 
cent, of the fresh egg yolk (equivalent to about 60—70 per cent, on a moisture- 
free basis) . The amount of phosphatides in the fresh yolk is variously given 
as from 4 to 12 per cent., the diEerences being due possibly both to varying 
technique in the separation of the phosphatides and to genuine differences 
due to dietary or other variable factors. 

The component acids of egg phosphatides (lecithin) have only been 
studied in one recent instance ^7 by the ester-fractionation method, but 
various estimates based on simpler processes of analysis have been given. 
(For a more complete summary of the older work, the reader is referred to 
the monograph of MacLean.^i) Cousin 32 gives the proportions of egg 
lecithin fatty acids as palmitic 29, stearic 14, oleic 33, and lin oleic 24 per cent. 
Levene and Rolf,33 and also Hatakeyama,^^ state that linoleic acid is present 
only in subordinate amounts, and that arachidonic acid is a component acid 
(but, according to Levene and Rolf, not in so large proportions as in animal 
liver phosphatides, cf. p. 91). Sueyoshi and Furukubo 35 calculated (from 
the hromo-additive products obtained from the unsaturated acids) that 
egg lecithin (freed from kephalin as well as glycerides) contained the following 
unsaturated acids : oleic 73, linoleic 2, and clupanodonic '' 5 per cent. ; 
this of course implies that the actual contents of the two latter acids would 
have been somewhat greater, say, respectively, about 4 and 7 per cent. 
All that can be deduced from these observations is that the egg phosphatide 
fatty acids seem to be similar qualitatively to those of animal livers {cf. 
p. 90) and that, apart from possibly low proportions of unsaturated C20 
and C22 acids, they may have considerable quantitative resemblance to the 
latter. An examination by the modem methods would doubtless also 
reveal the presence of some hexadecenoic acid, in addition to providing a 
more accurate picture of the other main component acids. 

The fatty acids of egg glycerides were examined by Grossfeld,36 who 
determined the percentage of saturated acids and the iodine and thiocyanogen 
values of the rmsaturated acids, and calculated his results to a mixture of the 
following acids : palmitic 32-0, stearic 2*2, oleic '43*6, ^*so-oleic 1*4, linoleic 
17*7, and linolenic 3*1 per cent. Taking into account the fact that no 
allowance has been made for myiistic, hexadecenoic or unsaturated Qo 
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and C22 acids, these figures are not very different from those for the hen 
depot fat component acids in Table 23 (p. 65), 

Miss Cruickshank,26 employing a similar method of analysis to Grossfeld, 
obtained the following figures for the total mixed fatty acids of egg yolks 
from hens fed on control rations containing respectively 3*8 per cent, and 
2*3 per cent, of fatty matter : f 




Per Cent. 

Per Cent 




(Wt.) 

(Wt.) 


Saturated acids * 


31*4 

31*2 


Oleic acid 


46*7 

51*4 


Linoleic acid 


19*0 

15*0 


Linolenic 


2*9 

2*4 


(* Mean molecular weight 

of 263*5 

264*0) 


saturated acids. 




A recent (1938) analysis of the fatty acids of both glycerides and phos- 

phatides of egg yolk 

has been 

carried out by 

the modern 

methods by 

Riemenschneider, Ellis 

, and Titus, 37 with the following results : 



Component Acids, Wt. 

Component 

Acms, Mol. 


(Per Cght.) 

(Per Cent.) 


Glycerides 

Phosphatides 

Glycerides 

Phosphatides 

Myristic 

0'7 

— 

0-8 

— 

Palmitic 

25*2 

31-8 

27*0 

34*6 

Stearic 

7*5 

4*1 

7*3 

4-0 

Hexadecenoic 

3*3 

— 

3*6 

— 

Oleic 

52*4 

42*6 

51*0 

42*0 

Linoleic 

8*6 

8*2 

8*4 

8*2 

Clupanodonic 

2*3 

13*3 

1*9 

11*2 


The evidence indicated the presence of '' clupanodonic acid rather than 
of '' arachidonic acid, and it will be seen that, as usual, there is more of 
this acid in the phosphatides than the glycerides. At the same time the 
total proportion of saturated acids is somewhat greater in the phosphatides 
(38*6 per cent, mol.) than in the glycerides (35-1 per cent. mol.). The 
component acids of the egg yolk glycerides are on the whole similar to those 
of the hen depot fat glycerides in Table 23, but the oleic acid content is greater 
(mainly at the expense of linoleic and hexadecenoic acids). 

The effect of added fat in the diet of the hens has been observed materially 
to alter the composition of the egg lipoids. Henriques and Hansen ^ 
foxmd that the iodine value of the egg phosphatides was unchanged when 
linseed or hempseed was fed to the hen, but the iodine values of the egg 
glycerides increased as follows : 

Feedino Iodine Value of Egg 

Glycerides 

Carbohydrate diet 79 

Linseed 97 

Hempseed 119-123 

McCollum, Halpin, and Drescher,^^ and also Terroine and Belin,^® 
however, found that the iodine values of both the glycerides and the phos- 
phatides in the egg were lower when the hens were on a fat-free diet than 

t Another analysis of “ egg oil fatty acids,'* by Trost and Doro {Annali. 
Chim, Appl., 1937, 27, 233) gives the component acids as : myristic 2, palmitic 
29, stearic 9, arachidic 0*1, hexadecenoic 12, oleic 35, linoleic 10 per cent. (wt.). 

6q 
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when they were receiving a normal ration containing about 3-4 per cent, of 
fatty matter. 

Miss Crmckshank,26 again using the determination of saturated acids 
combined with the iodine and thiocyanogen values of the unsaturated fatty 
acids, examined the mixed fatty acids from the total lipoids of eggs from 
hens fed on the following different rations ; 

Control ration (bran, maize, sharps, and Sussex ground oats, with 7 per cent. 

extracted soya bean meal, 7 per cent, hsh meal, and 3 per cent, 
mineral mixture). 

Fish meal-free ration (degermed maize, bran, whole yeast, rice, alfalfa, with 7 per cent. 

extracted soya bean meal and 3 per cent, mineral mixture). 
Control ration+28 per cent, palm kernel oil. 

,, „ +28 per cent, palm oil. 

,, „ +28 per cent, mutton fat. 

,, ,, -i-28 per cent, linseed oil. 

,, „ +28 per cent, hempseed oil. 

Hempseed alone. 


The component acids of the dietary fats were approximately as follows : 


Component Acids, 

Palm 

Palm 

Mutton 

Linseed 

Hempseed 

(Wt. Per Cent.) 

Kernel Oil 

Oil 

Fat 

Oil 

Oil 

Saturated 

81 

46*3 

51-0 

9-2 

61 

Oleic 

18 

46-4 

46*8 

11-4 

11-9 

Linoleic 

Trace 

7-3 

2-2 

390 

67-2 

Linolenic 

— 

— 

— 

40-4 

14-8 


The data recorded for the egg yolk mixed fatty acids are given in 
Table 27. 


TABLE 27. COMPOSITION OF MIXED FATTY ACIDS OF EGG YOLK 




Con- 

Fish 

Mash+ Mash+ Mash+ 

Mash+ 

Mash+ 

Hemp- 



trol 

Meal- 

Palm 

Palm 

Mutton 

Lin- 

Hemp 

Seed 



Mash 

free 

Kernel 

Oil 

Fat 

seed 

Oil 

Alone 




Mash 

Oil 



Oil 



Mixed 

acids 

i 

ri.v. 

{Mol. 

( wt. 
rPer 

84-4 

280-5 

80-0 

283-0 

80-5 

280-3 

85-9 

281*4 

84-0 

284-0 

123-1 

281-8 

115-7 

282-1 

127-2 

280-6 

“SoKd” J 

1 cent. 

31-4 

31-2 

30-3 

27-8 

29-5 

23-9 

24-3 

. 21-4 

acids 1 

Mol. 

L wt. 

263-5 

2640 

266-4 

265-5 

268-0 

265-7 

267-4 

266-0 

i 

ri.v. 

121-2 

115-9 

115-0 

120-0 

117-7 

161-3 

156-3 

162-8 

“Liquid J 
acids i 

Mol. 

wt. 

CNS 

278-2 

284-0 

278-8 

280-0 

283-3 

283-4 

281-1 

278-9 

1 

^ value 

94-0 

93-3 

92-3 

90-8 

93-7 

111-2 

96-4 

101-8 


PERCENTAGE 

COMPOSITION 

iWT.') OF 

MIXED 

FATTY 

ACIDS 


Saturated acids 

31-4 

31*2 

30-3 

27-8 

29-5 

23-9 

24-3 

21-4 

Oleic add 

46-7 

51-4 

51-9 

49-8 

50-8 

33-8 

28-8 

26-7 

Linoleic acid 

19-0 

15-0 

16-1 

21-7 

16*9 

24-9 

41-7 

41-9 

Linolenicacid 

2*9 

2*4 

1*7 

0*7 

2*8 

17*4 

5*2 

10*0 


These figures, in spite of some lack of detail and the necessarily arbitrary 
method of evaluation, are of great comparative interest, especially in con- 
junction with the corresponding data for hen depot fat (pp. 65, 66). In the 
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first place, although the data refer to eggs from hens which had been receiving 
the various diets for at least six weeks, it was established by independent 
tests that the alteration in the egg lipoids, due to added dietary fat, is 
complete in sixteen days. As regards the various fats fed to the fowls, 
it is evident that, in contrast to the hen depot fats, only the constituents of 
the more unsaturated dietary fats passed readily into the ova fatty acids ; 
ingestion of linseed and hempseed oil led to considerable increases in the 
linoleic and linolenic acid contents of the egg lipoids. The more saturated 
fats had comparatively little influence on the composition of the egg fatty 
acids, apart from a slight diminution in the percentage of saturated acids 
and an increase in linoleic acid content when palm oil (with 7 per cent, of 
that acid) was present in the diet. It is particularly notable that the presence 
of 40 per cent, of palmitic acid in the palm oil, or of 51 per cent, of palmitic 
and stearic acid in the mutton fat, caused no increase, but rather a slight 
fall in the saturated acids of the egg lipoids, the oleic acid content of which 
remained almost unchanged ; whilst the proportions and the average 
molecular weight of the saturated fatty acids of the egg yolks from hens 
receiving' palm kernel oil show that myristic, lauric, and lower saturated 
acids (which amount to 70 per cent, of the total fatty acids of this oil) were 
not transmitted in appreciable amounts to the ova. 

Although the absence of any data for hexadecenoic acid makes definite 
conclusions somewhat diflicult, it may be gathered from the amount (ca. 
30 per cent, wt.) and mean molecular weight (263— 265) of the saturated 
acids in these egg fat analyses that the proportion of palmitic acid in the 
total fatty acids is of the order of 25 per cent, (wt.), and that therefore its 
molar percentage is about 27 per cent. — a figure similar to that for hen depot 
fats and not far below that of 30 per cent, (mol.), which is characteristic for 
the depot fats of the land mammals. 

The evidence given by the above analyses suggests that more complete 
analyses by the modern methods of the egg lipoids of more than a single 
species of bird, after resolution as far as possible into glyceridic and phos- 
phatidic fractions, cannot fail to 5deld interesting and fruitful results. 


Depot Fats of Rodents 

The detailed study of component acids of rodent depot fats is prac- 
tically confined to those of one species — ^the white rat which is employed so 
largely in the biological evaluation of vitamins A and D. This circumstance 
accounts for the comparatively large amount of wo^k which has been carried 
out on the fats of this animal, and it is unfortunate that, as usual, the abundant 
data for this species are counterbalanced by an almost complete absence of 
reliable figures for the fats of any other member of this group. This is the 
more to be regretted since, if we may take the white rat as typical, it is clear 
that rodents share with birds a kind of depot fat which, in its reduced but 
still appreciable content of hexadecenoic acid, is definitely intermediate in 
type between the reserve fats of amphibia and reptiles and those of the 
higher land mammals ; whilst its content of palmitic acid already approxi- 
mates to the 30 per cent, characteristic of fats of the latter category of 
animals. However, the data available for rat depot fats render possible aii 
interesting outline of, in the first place, the typical component acids of such 
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fats from animals on diets low in fat and, secondly, of the effect of added 
dietary fat upon the composition of the depot fat. 

Rat depot fats (from animals on low fat diets). The data here come 
from four sources : 

Banks, Hilditch, and Jones (i 933 )- These were combined adipose tissue 
fats dissected from the subcutaneous, perinephric and mesenteric areas of rats 
grown on various diets for biological testing purposes in the laboratory of 
Professor J. C. Drummond. The diets represented were as follows : 

Group A. Fat-free diet, apart from daily doses in some cases of 15 mgm. of 
ethyl laurate. 

Group B. Various diets very low in fat, but in a few cases 10 per cent, of 
the diet was hydrogenated cottonseed oil. 

Group D. Fed for 12 weeks on a special diet including as the only fatty 
component 2 per cent, of cod liver oil (an amount which pro- 
duced no perceptible alteration in the depot fat composition) . 

Klenk, Ditt, and Diebold ^ (1935). Rat body fat from animals on a low fat 
ration. 

Spadola and Ellis (1936). Rat adipose tissue fat from animals on a ration 
of casein 18 per cent., dextrin 64 per cent., agar i per cent., salt mixture 4 per 
cent., alfalfa leaf meal 5 per cent., yeast 8 per cent. 

Longenecker and Hilditch (1938). Total carcass fat of rats fed wholly on a 
cow milk diet. (This fat again showed little divergence from normal as a result 
of the ingested cow milk fat and is therefore included in this group.) 

In the analyses of Banks et al., the “ solid " and " liquid esters were dis- 
tilled from a Willstatter bulb and algebraic calculations made to determine the 
proportions of hexadecenoic and other acids present. Klenk et al., and Spadola 
and Ellis, employed the electrically heated column described (c/. Chapter XI, 
p. 3 So) by Klenk and Schoenebeck,-** whilst Longenecker and Hilditch used an 
electrically heated and specially packed column {of. Chapter XI, p. 378) which 
permits the detection of traces of component acids which may otherwise escape 
notice. (In Table 28, which gives a summary of the results obtained by the four 
groups of workers, the latter results are included in their fully detailed form.) 


TABLE 28 . COMPONENT ACIDS {WTS. PER CENT.) OF DEPOT FATS 
OF RATS ON LOW FAT DIETS 


Banks, Hilditch, and Jones 


Decanoic 

Group A 

Group B 

Group C 

Laurie 






M5rristic 

5 

4-5 

4 

Palmitic 

24 

28 

30 

Stearic 

3 

2 

2*5 

Arachidic 




Tetradecenoic 




Hexadecenoic 

8 

7 

8*5 

Oleic 

58 

58-5 

53 1 

Octadecadienoic 

2 


2 J 

C20-22 unsaturated 

— 

— 

^ J 


Klenk 

Spadola 

Longe- 

et al.^ 

AND 

necker 


Ellis 

AND Hil- 
ditch 

— 

— 

0-3 

— 

— 

0-7 

2 

5-6 

6-9 

25 

29*3 

24-3 

3-5 

2-5 

5-3 

— 

— 

1-2 





1-2 

13 

14-0 

5-6 

- { 

48-6 

49-1 

— 

4-9 

1-5 

— 

0-5 


The component acids of the body fats of the rats on low fat diets exhibit 
several points of interest. As in the hen depot fats, the palmitic acid 
content is appro:^ately 30 per cent, (molar)— the figure which, as we shall 
^e, ^ characteristic for nearly all land animal depot fats so far studied. 
On the other hand, there is also a fair proportion of hexadecenoic acid, the 
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recorded percentages varying rather widely between 6 and 14. Poly- 
ethenoid acids, again, are but little in evidence. Those of the C20 and C22 
series are only recorded in minute amounts,* whilst the most striking feature, 
apparently peculiar to the rat, is its inability to synthesise and deposit 
linoleic or other diethenoid acids, f (In some other rodent fats, however, 
linoleic or other polyethenoid Cjs acids are present in quantity, vide infra,) 

, It was established by Burr and Burr that a supply of linoleic or similar 
diethenoid acid is essential to the health of the rat, and this observation 
has led to many other biochemical studies as to the function of linoleic acid 
in the lipoids of the animal- The idiosyncrasy of the rat as regards ability 
to synthesise and store linoleic acid is, however, not by any means clearly 
understood. Gregory and Drummond,^® for example, showed that on a 
fat-free diet the animal produces linoleic or other diethenoid Qg acid in its 
liver lipoids, but does not store them in its adipose tissues. Yet Spadola 
and Ellis ^2 (^cf. Table 29) found that the linoleic acid of ingested cottonseed 
oil was readily deposited in the adipose tissue, an observation which is also 
confirrned by the data of Banks et and of Channon, Jenkins, and 

Smith.'^T' 

Rat depot fats (from animals on diets which included various fats). 

The following data may be considered here : 

Banks, Hilditch, and Jones '*1 (1933). Adipose tissue fats (as above, p. 72) 
from a group (C) of rats which had received diets containing from 2 to 15 per 
cent, (usually 5 per cent.) of cod liver oil for 10 weeks. 

Spadola and Ellis (1936). Adipose tissue fats from rats fed for 10 weeks 
on the basal diet (above, p. 72) in which 8 per cent, of dextrin was replaced by 
8 per cent, of cottonseed oil, non-hydrogenated or hydrogenated to two different 
stages. 

The component acids of the cottonseed oils employed were as follows (wts. 
per cent.) : 


Saturated 

Non-hydrogenated (B) 28*8 

Hydrogenated (C) 35-5 

„ (D) 35*4 


Oleic (with Linoli 

/50-oLEic) 

22*7 48*5 

52*5 120 

62-3 . 2-3 


(Shannon, Jenkins, and Smith (i937). Total carcass fats of rats whose diet 
included 40 per cent- of either beef depot fat, palm oil, olive oil, cod liver oil, 
butter fat or coconut oil, for 14 days. 

Longenecker and Hilditch (1938). Total carcass fats of rats fed wholly on 
cow milk diet (data already given in Table 28). 

* In a recent paper, L. C. A. Nunn and I. Smedley-MacLean {Biochem. J., 
1938, 32, 2178) state that rats on a fat-free diet yielded liver fats with no tetra- 
or penta-ethenoid acids, but that on the same diet with the addition of a little 
methyl linoleate, the liver fats contained some arachidonic acid (C2oIl32G2)» 
whilst with the addition of methyl linolenate, both ^arachidonic and docosapen- 
taenoic (C22II34G2) acids appeared in the liver fats. They say: “Linoleic and 
linolenic acids appear to be the building stones essential for the production of 
more highly unsaturated acids [with chains of more than 18 carbon atoms] 
which play some unknown part in enabling the animal to store fat in its depots 
and tissues. “ 

t The presence of octadecadienoic acid, as also of more myristic acid than 
usual and of small amounts of lauric acid, in the carcass fat from rats fed on a 
cow milk diet may probably be attributed to assimilation of the dietary fat ; 
these, however, are the only instances in which the component acids of this rat 
fat are significantly different from the rest of the data in Table 28, 
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TABLE 29. COMPONENT ACIDS (WTS. PER CENT.) OF DEPOT FATS 
OF RATS DN SPECIFIC FATTY DIETS 


Observers ; 

Banks et al. 

Spadola and Ellis 

Ingested Fat 

Cod Liver 

Cottonseed Hydrogenated Cottonseed 



Oil 

Oil 

Oil 




B 

C 

D 

Per cent, fat in diet 


2-15 

8 

8 

8 

Component acids — 






Myristic 


5 

3-4 

4-6 

4*3 

Palmitic 


23 

32-8 

25-8 

26*4 

Stearic 


2*5 

3-4 

1-6 

2-0 

Arachidic 




0*2 

0-2 

Hexadecenoic 


5*5 

2-0 

6-8 

8-8 

Oleic 


51*5 

30-2 

52-3 

54-4 

Octadecadienoic 


4 

27-3 

8-3 

3-3 

C 20-22 unsaturated 


8-5 

0-9 

0-4 

0-6 


Observers : Channon, Jenkins, 

and Smith 


Ingested Fat 

Beef Fat 

Palm Oil 

Olive Oil 

Cod Liver Butter Coconut 






Oil 

Per cent, fat in diet 

40 

40 

40 

40 40 

40 

Component acids — 






I^uric 


0*1 


0-1 7-8*^ 

Myristic 

1-1 

2*1 

01 

3-5 13-4 

Palmitic 

22*7 

20-8 

17-1 

15-6 25-9 18-1 

Stearic 

6-2 

6*9 

4-0 

5-4 4-2 5-0 

Arachidic 

1*6 

1*0 

0-7 

2-5 1-5 1-3 

Behenic 


0*7 

0-5 



Hexadecenoic 

2*5 

4*7 

4-2 

9-5 5-0 3-1 

Oleic 

52*5 

37*1 

49-4 

38-4 40-1 31-5 

Octadecadienoic 

2*6 

8*8 

7-3 

10-6 6-0 10-4 

C 20 unsaturated 

10-5 

14*0 

13-8 

11-8 10-3 6-9 

O22 ,, 




2-7 



* Also 0*9 per cent, decanoic acid. 


It seems possible to draw 'certain general conclusions from the rather 
complicated series of data in Table 29 : 

(i) Polyethenoid acids were readily assimilated from those diets in 
which they were present (notably cod liver oil, cottonseed oil, palm and olive 
oils). The amount deposited, in relation to the proportion in the ingested 
fats, was especially high in the case of Spadola and Ellis's cottonseed oil 
experiments and in the palm and olive oil diets given by Channon et al. 
(The high linoleic figure for the rat fat in the latter group from a coconut oil 
diet appears remarkable, since coconut oil itself contains only about i per 
cent, of linoleic acid.) 

(ii) The highly unsaturated C^o and C22 acids of cod liver oil are evidently 
also assimilated and deposited to a marked extent. 

(It will be noted that Channon and co-workers observed much higher 
contents of C20 unsaturated acids in all their rat fats than have been recorded 
by other workers ; they point out, however, that this may be explained in 
part by the fact that total carcass fats (including phosphatides) were examined 
in their case. On the other hand, the carcass fats from rats on a milk diet 
(Longenecker and Hilditch) only showed the usual fractional percentage of 
these acids.) 

(iii) Lauiic acid is not stored to any very marked extent, whilst lower 
saturated acids are not stored in the depot fats. 
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(iv) In view of the ready influx of ingested unsaturated acids to the 
depots, it is natural that, when feeding the more unsaturated oils (e.g. 
olive or cod liver oils), the percentage of palmitic acid is often substantially 
reduced. It seems significant, however, that a diet including 40 per cent, 
of beef fat or palm oil (in which palmitic respectively forms about 30 per 
cent, and over 40 per cent, of the component acids) has also resulted in 
diminishing the palmitic acid content to below the normal figure. This is 
not peculiar to rat fats, and it will be seen later (p. 86) that an exactly 
parallel result has been obtained by feeding cottonseed oil to pigs, the result- 
ing depot fat containing a lower proportion of palmitic acid than either 
normal pig depot fat or the ingested cottonseed oil. (This effect is not, 
however, clearly discernible in Spadola and Ellis's cottonseed oil experiments 
on rats.) This suggests several important considerations, namely, that the 
normal " content of about 30 per cent, of palmitic acid in animal depot fats 
is conditioned mainly by the fat actually synthesised by an animal ; that 
this figure is attained only when the diet is balanced " in so far that it does 
not contain more than a certain proportion of preformed fat ; and that 
feeding of rations with a high fat content (irrespective of the capacity of the 
animal to store considerable proportions of the ingested fat) causes inter- 
ference with the normal production of fat in the animal, and must therefore 
be regarded as definitely abnormal, if not almost pathological. 

Other Rodent Depot Fats 

Wild rabbit (perinephric) fat. A specimen of this fat was studied in 
detail in 1928 by Vickery, who found that it was very unsaturated, almost 
liquid at the ordinary temperature, with a saponification equivalent of 
285*2 and an iodine value of 124. The component acids included myristic 
(4*5 per cent.), palmitic (23 per cent.), and stearic (4 per cent.), with 68*5 per 
cent, of unsaturated acids which had a mean iodine value of 189-3. The 
latter were not completely identified, but linoleic acid was present in quantity 
(probably 35—50 per cent, of the mixed acids), and linolenic acid was also 
probably present to the extent of nearly 20 per cent, of the total fatty acids, 
since ether-insoluble hexabromides were isolated equivalent to 9 per cent, 
of linolenic acid in the total fatty acids. The possible occurrence of any 
hexadecenoic acid in this fat was, unfortunately, not investigated in this 
instance. 

This rabbit perinephric fat closely resembles the above rat fats in its 
general content of about 30 per cent, saturated and 70 per cent, unsaturated 
acids, and in its low stearic acid content. It is quite dissimilar from rat 
fat in the highly unsaturated character of its Cig unsaturated acids ; how 
far the unsaturation of the Cis acids in the depot fats of animals of the same 
species is dependent upon their state of life (wild or domesticated, etc.) is a 
matter which is not yet too clear (c/. Chapter VIII, p. 278). 

The only other rodent fats for which any characteristics seem to have 
been given, namely, the hare and the marmot, seem to lend support to the 
view that wild animals develop relatively unsaturated depot fats : 

Fat Mixed Acids 

Sap. Equiv. Iod. Val. M.M.W. Iod. Vat. 

Hare^» ca. 280 102-119 269 90-98 

Marmot «« 282-286 93-111 268-277 105 

So far as these average data permit one to judge, it seems that the 
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proportions and nature of the saturated acids present in both fats may 
resemble those in the above rabbit and rat fats- 

Depot Fats of the Larger Land Animals 

The patchiness of the existing data on the depot fats of land animals will 
be appreciated when it is pointed out that there is not a single detailed 
analysis extant for the depot fatty acids of any carnivorous animal. Whilst 
in the herbivorous group there are about half a dozen detailed records for 
fats from the horse, camel, reindeer, sheep, etc., together with a relatively 
large number of full component acid analyses of the depot fats of oxen and 
pigs. It is much to be desired that adequate data for a wide range of depot 
fats of the carnivora, and for a wider range of the corresponding fats of the 
herbivora, should be collected — an aim which should not be very difficult to 
attain in co-operation with zoological authorities. 

Nearly all the detailed records of animal depot fats (including those of 
oxen, sheep, and pigs) refer only to palmitic, stearic, oleic, linoleic, and 
myristic acids as the component acids ; but it has recently been found that 
small proportions of hexadecenoic and of unsaturated C20 acids are also 
present. The detailed analyses must accordingly be regarded as belonging 
to two categories : (a) the full statements (at present restricted to a few ox 
and pig depot fats) which take account of all the minor components at present 
detected, and (&) the majority of the analyses which refer chiefly to the major 
components and which must, in the light of the recent work, be considered 
as a first approximation to the more complete statement of the whole of the 
component acids. The latter group are quite serviceable in that they indi- 
cate, within reasonably narrow limits, the quantitative proportions of the 
major component acids. 

Depot Fats of the Carnivora 

Apart from a number of scattered records of the saponification and 
iodine values of the total fatty acids of some carnivorous animal depot fats, 
there appear to be only two instances in which characteristics have been 
given for the saturated and unsaturated groups of component acids obtained 
by lead salt separation. 

The back fat and the fat from the hindquarters of the American black’ 
bear, Ursus americanus, was studied to this extent by Hoyt. si The back 
fat contained about 16 per cent, of saturated and about 84 per cent, of 
unsaturated fatty acids (iodine value 98*8), whilst the hindquarter fat 
component acids were made up of about 33 per cent, of saturated acids 
and about 67 per cent, of unsaturated acids (iodine value 82*8). 

The component acids of mink {Putorius lutreuld) fat are stated by 
Lode to consist of 43 per cent. ** solid (mean molecular weight 263*7, 
iodine value 20*9) and 57 per cent, of liquid acids (mean molecular weight 
291*8, iodine value 77*1). This suggests the possible presence of about 
- 30 per cent, palmitic, 3 per cent, stearic, and 67 per cent, unsaturated acids, 
the latter apparently including some of the C20 group as well as of the oleic 
series. 

Depot Fats of the Herbivora 

The recorded figures for the fatty acid compositions in this group may be 
considered conveniently as follows : (a) the data for fats from a number of 
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animals, other than those of oxen, sheep, and pigs ; (b) the more numerous 
analyses of the body fats of oxen, sheep, and pigs (followed, in the case of the 
last-named, by consideration of the influence of various fatty diets upon the 
composition of pig depot fats). 

Data have been recorded for fats from various parts of the animals 
listed in Table 30 (in which the hoof and bone fats of oxen are also included). 


TABLE 30. COMPONENT ACIDS iWTS, PER CENT,) OF VARIOUS 
FATS FROM HERBIVOROUS ANIMALS 

{EXCLUDING OX, SHEEP, AND PIG DEPOT FATS) 




Saturated 

Cl 8 

C30' 

XJnsaturated 

Oleic Lin- Lino- 

Equidce — - 

Horse (JEquus caballus) 
Body 53 


29 

7 


55 

OLEIC LENIC 

7 2 

Abdominal (Western 

— 

28 

5 



50 

13 4 

Range, U.S.A.®*) 

Camelidce — 

Camel {Camelus drome’^ 
darius) 

Hump 55 


37 

16 


47 


Cervidcs — 

Reindeer {Cervus taran- 
dus 

Loin 5« 

7 

35 

20 

1 

37 


Bovidce — 

Ox {Bos taurus) 

Hoof (Neat’s foot 
oil) 5’ 


18 

3 


79 


Bone fat 5® 

3*1* 

341 

14*7 

— 

41*5 

2*5 — 

Goat (Capra domesticd) 
Back fat 5® 

2-lt 

25*5 

28* 1 

2-4 

38-4 




* Also 01 per cent, lauric, 0*8 per cent, tetradecenoic, and 3*2 per cent, hexadacenoic 
acids. 

t Also 3*5 per cent, lauric acid. 


Though the precision of some of the earlier analyses in Table 30 may be 
regarded as somewhat uncertain, the figures for the horse, camel, and reindeer 
depot fats conform roughly with the generalisation (which appears more 
clearly in the depot fats of oxen, sheep, and pigs. Tables 31—35) that palmitic 
acid forms about 30 per cent, of the total fatty acids in the depot fats of 
herbivorous animals. The rest of the acids belong almost wholly to the 
C18 series, the proportion of stearic acid being somewhat variable. The 
amount of polyethenoid Cjs acids is also apparently variable, but usually 
small in comparison with the proportion of oleic acid. 

The oil from the hooves of oxen (neat's foot oil) is clearly quite different 
in composition from the depot fats and contains a much larger proportion of 
oleic acid. Bone fat, on the other hand, and so far as can be judged from 
the solitary analysis available, more nearly approaches tallow or true depot 
fat in composition. 

Depot fats of sheep and oxen (tallows). The analyses of these products, 
with one exception (Hilditch and Longenecker 6^), are based upon materials 
from industrial sources, i.e. on marketed specimens of authentic sheep or 
ox fats and not on fats taken from specific parts of a single animal or group 
of animals. They represent bulked samples of depot fats from many animals 
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and! may have been derived from back, abdominal, or perinephric (suet) 
fats, or a mixture of aU of these. Most of the available detailed analyses 
(performed whoUy or in part by the modem ester- fractionation procedure) are 
included in Table 31, but the most recent figures, in which account has been 
taken of the minor components, hexadecenoic and unsaturated C20 acids, 
are given separately in Table 32. 

TABLE 31- COMPONENT ACIDS iWTS, PER CENT.) OF DEPOT FATS 
OF SHEEP AND OXEN ^MUTTON AND BEEF TALLOWS) 

{ANALYSES NOT INCLUDING HEXADECENOIC ACID OR UNSATURATED 

C 20 ACIDS) 


Saturated Unsaturated 



Ci4 

Clie 

Cl’s 

Oleic 

“ Lin- 

Sheep (Ovis aries ) — 

South American 

1 

21 

30 

43 

OLEIC ” * 
5 

Australian 

2 

25 

23 

47 

3 

Australian 

4 

25 

31 

36 

4 

Ox (Bos taurus ) — 

North American 

2 

32*5 

14-5 

48 

3 

North American 

6*3 

27-4 

14-1 

49-6 

2-5 

South American 

2-5 

25 

20 

47-5 

5 

South American 

4-5 

30-6 

19-2 

42-7 

30 

South American 

7-8 

27-8 

24-4 

38-9 

1-1 

South American 

5*8 

240 

28-6 

41-6 

— 

Australian ®® 

2 

26*5 

22-5 

49 

— 


* The “ linoleic ” acid of these depot fats is better termed octadecadienoic acid (or 
acids), since it differs from that of vegetable fats in failing to yield a tetrabromo-adduct of 
m.p. 114®, and only yields traces of the tetrahydroxystearic acids, m.p. 155° and m.p. 
173®, on oxidation with alkaline permanganate (vide infray p. 79). 

The figures in Table 31 only include myristic and linoleic acids as 
minor components. More recent study has demonstrated the presence in 
ox depot fats of small proportions of several other acids, which amount 
together (including myristic acid) to about 6-8 per cent, of the total fatty 
acids. In 1934 Brown and Sheldon showed that traces of unsaturated 
C20 (arachidonic) acid are present in beef tallows ; Brown and Deck 63 
had previously observed (1930) the presence of about 0*4 per cent, of this 
acid in pig body fats. Again, intensive examination of cow milk fats had 
resulted (cf. pp. 94, 99) in establishing the presence of small amounts of 
mono-ethenoid acids containing fewer than 18 carbon atoms in the molecule, 
and had also led to the conclusion that ordinary linoleic acid (yielding a 
tetrabromostearic acid, m.p. 114'') was present, if at all, only in minute 
quantities (the diethenoid acids present being apparently other geo- 
metrical isomerides of A® * ' ^^-octadecadienoic acid). Hilditch and 
Longenecker 6^ therefore reinvestigated the component acids of three ox 
depot fats (portions of the perinephric (suet) fats from, respectively, a 
7-year-old Shorthorn cow (I), a 4-year-old Shorthorn bullock (II), and a 
3-year-old Shorthorn heifer (III) reared on Berkshire farms), employing a 
more delicate fractionation column than those used in the earlier work. 

They demonstrated the presence of the following minor component 
acids : 

{a) Traces of a saturated aci 4 (? ijlauric) of lower molecular weight than 
myristic acid. 
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(2>) Traces of a saturated acid (arachidic) of higher molecular weight 
than stearic acid. 

(c) Small amounts of A^' ^^-tetradecenoic and A® ' ^^-hexadecenoic 
acids, the latter amounting to about 2-3 per cent, of the total acids ; the 
structure of the acids was proved by disruptive oxidation to be respectively 
CH3.[CH2]3.CH:CH,[CH2]7.C00H and CH3.[CH2]5.CH:CH.[CH2]7.COOH. 

{d) The diethenoid Qg acids were shown to resemble those of cow milk 
fat (p. 99) in that, whilst disruptive oxidation yielded ^-hexanoic and 
azelaic acids, addition of bromine yielded none of the tetrabromostearic acid, 
m.p. 114°, characteristic of linoleic acid, and oxidation with alkaline per- 
manganate gave only traces of the tetrahydroxystearic acids, m.p, 155° 
and 173°. 

(e) Traces of highly unsaturated C20 acids. 

The fatty acid compositions of the three beef tallows in question, allowing 
for all the minor components observed, are given in Table 33 in the form of 
both weight and molar percentages. 

TABLE 32. COMPONENT ACIDS (JVTS. AND MODS. PER CENT.) OF OX 
DEPOT GLYCERIDES^* {INCLUDING ALL MINOR COMPONENT ACIDS) 


Weight (Per Cent.) Molar (Per Cent.) 


Acid 

I 

II 

in 

' I 

n 

III 

As lauric 

— 

0-2 

01 

— 

0-2 

02 

Myristic 

30 

31 

2*0 

3*5 

3*7 

2*3 

Palmitic 

29-2 

24-9 

26*9 

31*0 

26*5 

28-7 

Stearic 

210 

241 

26*5 

20*1 

23*1 

25*4 

As arachidic 

0*4 

0-8 

1*3 

0-3 

0-7 

1*1 

^ 9 ; lo^tetradecenoic 

0-6 

0-4 

0*4 

0-7 

0-5 

0*5 

A ® • ^"-hexadecenoic 

2*7 

2-4 

1*9 

2*8 

2*6 

2*0 

Oleic 

41-1 

41*8 

39*1 

39*6 

40*4 

38*0 

Octadecadienoic 

1*8 

1*8 

1*7 

1*8 

1*8 

1*7 

As arachidonic 

0*2 

0*5 

0*1 

0-2 

0-5 

0-1 



T otal Cl 8 

acids : 

61*5 

65-3 

65*1 


Banks and Hilditch ^2 pointed out in 1931 that, expressed on a molar 
percentage basis, nine out of the ten sheep and ox depot fats quoted in 
Table 31 fell into two groups : in one group the component acids consisted of 
about 70 per cent, (mol.) of C18 acids with about 30 per cent, (mol.) of 
palmitic (with myristic) acid, whilst in the other the respective proportions 
were about 63 per cent, of Cig acids and about 38 per cent, of palmitic (with 
m5uistic) acid — the molar contents of stearic acid meanwhile varying from 
13 to 29 per cent. They thus reached the conclusion that the characteristic 
feature of these fats is the presence of a more or less constant proportion of 
palmitic acid — ^in the neighbourhood of 30 per cent, (mol.) of the total fatty 
acids ; the rest of the fat is made up substantially of Cig acids, so that the 
difference between a more saturated and a less saturated tallow is due 
essentially to varying proportions in the stearic and oleic acid contents, the 
combined amounts of these being, however, approximately constant. When 
we come to consider the distinctive glyceride structure of these animal depot 
fats (Chapter VII, pp. 239, 248) it will be seen that this feature in the com- 
ponent acids is accompanied by a characteristic relationship in the amounts 
present in these depot fats of fully saturated glycerides, which become 
imusually large as the content of stearic acid in the total fatty acids becomes 
considerable. 
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Recalculation of the ester-fractionation data of Banks and Hilditch 62 
to allow for the presence of hexadecenoic acid gives figures which are of the 
same order as those obtained by Hilditch and Longenecker,64 and in addition 
the apparent existence of two groups {cf, above) of ox and sheep depot fat 
component acids largely disappears- The latter investigators sum up the 
present position as follows : 

From our present results and those of the earlier analyses, therefore, we 
incline to the view that the constancy of the Cjg acids at about 60—65 per cent, (mol.) 
of the total fatty acids of tallow is even more marked than was at first thought, 
any increase in stearic acid being closely balanced by diminution of oleic acid. 
At the same time, and largely independently of the amount of unsaturated acids 
present, the palmitic acid content of nearly all tallows which have been analysed 
lies within the relatively constant limits of 30 (±3) P^^^ cent, (mol.).” 

Depot fats (lards) of pigs (fed on diets low in fat). The records for pig 
depot fats are at present more numerous than for any other of the land 
animals. As in the ox and sheep depot fats, the majority of the component 
acid analyses (Table 33, p. 81) do not take account of all the minor components 
(especially hexadecenoic acid), but a few recent instances (Table 34, p. 82) 
include the latter in addition to the better-recognised acids. The data in 
Table 33 embrace the following groups of investigations : 

(i) Hogs of varying age fed on rations low in fat (Ellis and Zeller ®^). 

(ii) Hogs fed on brewers’ rice or on com (Ellis and Isbell ®®). 

(iii) Outer back, inner back and perinephric fats of young pigs (Bhattacharya 
and Hilditch « 7 ). 

(iv) Outer back, inner back and perinephric fats of a sow (Banks and 
Hilditch ®®). 

(v) Back fats at varying depths from the skin of a sow (Dean and Hilditch ®®) . 

Dean and Hilditch examined some of the lower boiling fractions of the 
methyl esters of the "'liquid’' or mainly unsaturated acids and concluded 
that, if present, hexadecenoic or other unsaturated acids of lower molecular 
weight than oleic acid did not amount to much more than about i per cent, 
of the component acids ; but Hilditch and Shorland ^ later repeated this 
examination and deduced that the proportion of hexadecenoic acid, although 
small, might reach 3—4 per cent. Subsequently, a number of analyses of pig 
depot fatty acids have been made, 7 i employing aii electrically heated and 
specially packed fractionating column in the distillations of the unsaturated 
esters ; some of these results are quoted in Table 34.*“ The depot fats in 
question were from pigs reared on ^ets j* low in fat by Dr. Hammond at the 
Animal Nutrition Research Institute of the School of Agriculture, Cam- 
bridge ; the animals were fed on a " high " or a " low " ration to a final 

* This work was carried out on behalf of the Food Investigation Board of the 
Department of Scientific and Industrial Research. 

t Djbtails of Diet : 

From weaning to x 6 weeks . — 

High plane ration. One gallon separated milk per pig daily, with 
ad lib. meal mixture No. i (20 per cent, dried separated milk, 
30 per cent- white fish meal, 30 per cent, middlings, 20 per cent, 
flaked meal). 

Low plane ration. Half gallon separated milk per pig daily, with 
restricted ration of meal mixture No. i. 

From 16 weeks onwards . — 

High plane ration. One gallon separated milk per pig daily, with 
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TABLB 33. COMPONENT ACIDS (fVTS, PER CENT^ OF PIG DEPOT 
FATS VLO W FAT DIETS) {ANALYSES NOT INCLUDING HEXADECENOIC ACID) 





Fat 

Saturated 

Unsaturated 




lOD. 

Ga4 

Die 

Gi8 

Oleic 

“ Lin- 

C20-2 




Val. 




oleic 

(i) 

Hogs (composite body fats) of varying 









age: 










Age (Days) 










110 


61-2 

1-2 

25-6 

8-5 

58-1 

6*6 




134 


57*4 

0-8 

27-9 

9*0 

57-7 

4-6 




246 


53-3 

1-1 

26*1 

11-5 

60-5 

0-8 




257 


55*1 

0-8 

25-4 

11-0 

61*5 

1-3 

— 

(ii) 

Hogs fed on : 

Brewers’ rice, etc. (Back fat) 


52-6 

1-8 

26-4 

12-1 

58-5 

1-2 



Com, etc. (Meat fat) 


58-8 

0-7 

25-2 

12-7 

54-4 

7-0 

— 

(iii) 

* Young pigs : 

Back, outer layer 


62*6 

20 

24-6 

10-6 

53-3 

9-5 



,, inner ,, 


55-0 

1*4 

29-6 

13-9 

47-2 

7-9 




Perinephric 


45-7 

3-6 

28-5 

21-4 

41*3 

5*2 

— 

(iv) t Back and perinephric fats 

of a 









sow: 

Back, outer, shoulder end 


76-9 

4-4 

18-5 

5-5 

54-2 

15*3 

2-1 


,, ,, central portion 


72-6 

3-8 

20-3 

7-9 

54-1 

13*0 

0-9 


„ ,, tail end 


72-0 

4*3 

22-2 

7-3 

49-2 

*15*3 

1-7 


,, inner, shoulder end 


71-1 

4*2 

22-8 

8-6 

47-5 

15-6 

1*3 


,, „ central portion 


64-6 

3*8 

26-0 

11*0 

44-1 

13*6 

1-5 


,, ,, tail end 


64-6 

4*3 

23-3 

13-8 

43-5 

13*9 

1-2 


Perinephric 


59-0 

3-9 

27*7 

17-6 

35-7 

13*7 

1*4 

(v) t Back fats (varying depths) 

of a 









sow: 

Back, outer, central, outer layer 


70-4 

2-6 

23-8 

10-1 

46-3 

15-2 

2-0 


»» inner ,, 


67-4 

2-8 

23-5 

13-0 

43-0 

15-6 

2-1 


,, inner, ,, outer ,, 


62-9 

2*9 

24-9 

14*5 

42-7 

13-9 

1-1 


,, „ ,, middle „ 


63-0 

2-8 

25-5 

14*5 

41-3 

14-5 

1*4 


inner 


62-8 

3-0 

24-6 

14-5 

42-8 

13*7 

1-4 


* Diet estimated to contain 1*5 per cent, of fat and 12 per cent, of protein, 
t Diet included a small proportion of fish-meal, 
j Diet included no fish-meal. 

live weight of 200 lbs., and in certain cases the high '' ration was changed 
to ** low,'* or vice versa, when the pigs were sixteen weeks old. 

In considering the figures in Tables 33 and 34, the following points must 
be borne in mind : 

(a) The data in Table 34 may be taken as the most comprehensive 
analyses available at present. 

{Jb) The figures in Table 33, (iii), (iv), and (v) have been calculated, in 
the cases of the fractionally distilled ‘'liquid'* or mainly unsaturated 
esters, as though only unsaturated Cis esters and esters of palmitic and 

ad lib. meal mixture No. 2 (30 per cent, white fish meal, 30 per 
cent, barley meal, 30 per cent, flaked meal, 10 per cent, middlings). 
Low plane ration. Half gallon separated milk per pig daily, with 
restricted ration of meal mixture No. 2 . 

Fat content of meal mixtures : 

CoNSTrruENtT Meat Fat Iodine Value of 

(Per Cent.) Fat 

Dried separated milk No. 1 1*0 42*5 

White fish meal Nos. 1 and 2 1-6 169*5 

Wheat mid dling s Nos. 1 and 2 4*1 11 6*0 

Flaked maize Nos. 1 and 2 1*3 114*6 

Barley meal No. 2 3*1 117*2 

81 


6 



CHEMICAL CONSTITUTION OF NATURAL EATS 


osi 

O 


i 

g 

B 


i 

1=1 

O 


I 


o 


S 9 

7 ^ S 


.o 


0 \ ON 

-rZ-i Os| 


^ Cv| 

CO do 


CO ON 

rfr e 5 j 


to op 

CO 


rN| cs 



O 'TT' 

CO CM 


Cp CM CO Cp 

lo VO r~- 


r— I CO CO CJV 


CM CM CM CM CM 


J. 


CM CM fM *1? 

cb <=> o> <=> CO 


1 


CM »<N CM 

CM CO CO 'T^ ^ 


'M 

v=t 

M 

§ 


ON CM CO cp 'r^ 

1 

>> 

^ ^ cp 

1 

o> cb 

'o 


CCS 

;§ 


up ON cp cp 

«o to do 

VO tCN tCN NO »CN 


aav 3 t 


o 




CM 

"S* 


il 
111 




bO bD^ ^_r 
s r=:3 O O r=3 r=5 

o WKOO 


S 3 



COMPONENT ACIDS OF FATS : PIGS 

myristic acids were present, no allowance being made for hexadecenoic 
esters. Consequently the apparent contents of myristic acid are higher 
than the true values by about 3 per cent., whilst the palmitic acid figures are 
probably about i per cent, below the true values. 

(c) The data in Table 33, (i) and (ii), are derived from ester- fractionation 
of the saturated acids, whilst the unsaturated acids are derived merely from 
the iodine values of the “ liquid " acids. Hence the figures for myristic and 
palmitic acids may be slightly low (no allowance having been made for the 
small quantities of these acids passinginto the ** liquid acids), and also the 
proportions of linoleic acid may actually be somewhat higher than recorded. 

When due allowance is made for these minor variations in the analytical 
procedures, it is clear that, with pigs reared on diets relatively low in fat, the 
major component depot fatty acids are palmitic, stearic, and unsaturated 
C18 acids (in which oleic acid predominates). Out of every 100 mols. of 
fatty acids, approximately 30 (or slightly less) are those of palmitic acid 
(the molar percentage of palmitic acid in these fats is 1*5— i *8 units per cent, 
more than the weight percentages recorded in the tables). Similarly, the 
combined molar content of Cig acids is in nearly all cases between 65 and 70 
per cent, of the total fatty acids. As in ox and sheep depot fats, but to a 
somewhat less degree, the proportions of stearic acid are variable. In the 
cases of fats from different depots of the same animal (Table 33, (iii), (iv), 
(v) ) it is also evident that the combined percentages of stearic and oleic 
acids are approximately constant, i.e. increase in stearic acid is mainly at 
the expense of oleic acid, or vice versa. These relationships will receive 
further consideration in connection with the glyceride structure of pig 
depot fats (Chapter VII, pp. 239, 245). 

Concurrently with these general approximations to constancy in palmitic 
and total Cis acid contents, it will be noticed that the most unsaturated fats 
usually also contain somewhat less palmitic acid than usual. This is 
especially noticeable in the outer layers of back fat at the extreme ends 
(especially the shoulder) of this layer of adipose tissue. 

The outer layers of the back fat of pigs are somewhat more unsaturated 
in character (higher oleic acid content) than the inner layers, whilst the 
perinephric fat of the animal is still more saturated and contains the greatest 
content of stearic acid. Henriques and Hansen ^2 concluded that the deter- 
mining factor here was the temperature of the site of the fat deposits in the 
animal (e.g. back of pig : i cm. deep, 33*7° C. ; 4 cm. deep, sq-o"^ C. ; 

rectum, 39*9° C.), and obtained further support for this hypothesis by main 
taining three pigs from the same litter at different temperatures — one at 
30-35°, one at 0°, and one at 0° but covered with a sheepskin coat ; the 
iodine values of the outermost layers of the back fats from these animals, 
after the two months, were respectively 69-4, 72*3, and 67*0. The detailed 
analyses of Dean and Hilditch 69 (Table 33, (v) ) afford general confirmation 
of Henriques and Hansen's views, but suggest that the increase in softness 
(i.e. unsaturation) is c5nfined to the outermost layer of the outer back fat. 
The inner part of the outer layer, and the inner back fat (i.e. the portion 
beneath the streak ") which forms the greater part of the whole of the 
back fat are almost homogeneous in composition throughout. 

It is noticeable that, in many of the outer back fats which have been 
analysed, the stearic acid content is close to 12—13 per cent, (wt.) ; in the 
inner back fats this usually rises by about 4 units per cent. 
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The proportions of linoleic acid also merit attention. In the first 
place it may be pointed out that the octadecadienoic acids of pig depot fat 
usually yield, on treatment with bromine, fair amounts of the tetrabromo- 
stearic acid, m.p. 114° ; whilst alkaline permanganate oxidation gives the 
two tetrahydroxystearic acids, m.p. 157*" and 173*^, characteristic of the 
linoleic acid of seed fats {cf. Chapter IX, p. 333 )- In this respect the 
octadecadienoic acids of pig depot fat therefore differ appreciably from the 
depot and milk fats of oxen. The amounts of linoleic '' acid recorded in 
different cases vary widely, from i per cent, (or probably somewhat more) 
in young hogs (Ellis et 66) to 14—15 per cent, in the case of sows several 
years old.®®* 6^ In the latter cases it is evident that the high linoleic acid is 
approximately constant as compared with the differing oleic and stearic 
acid contents of fats from different sites in the same animal. This suggests 
that linoleic acid may be derived by direct ingestion from the small amounts 
of vegetable fats in the diets, and that possibly it may not be so readily 
released or mobilised from the depots as oleic, palmitic, and stearic acids. 
The data on fats from animals during starvation offer further elucidation of 
this point (Table 35). 

Of the minor component acids, it may be pointed out that small traces 
of lauric and of tetradecenoic acid are probably usually present. Myristic 
acid only amounts to about i per cent, of the total acids, whilst 
hexadecenoic acid appears to be fairly constant at about 2—3 per cent. (wt.). 

The case of the highly unsaturated acids of the C20 and C22 series is less 
certain* and perhaps more variable. Brown and Deck,®® depending on the 
yield of ether-insoluble polybromo-additive products from the total depot 
fatty acids of the pig, recorded only 0*4 per cent., but fractionation analyses 
reveal the presence of 1—3 per cent. How far this depends on, for example, 
the ingestion of fish meal fatty acids is uncertain. This might well account 
for the presence of these acids in the fats recorded in Table 33 (iv) and 
Table 34, but so far as could be ascertained the animal to which the analyses 
in Table 33 (v) refer had received no fish meal in its diet. The source of 
these highly unsaturated minor components of pig depot fat therefore awaits 
the results of further investigation. 

To complete the records of the depot fats of pigs reared on diets low in 
fats some data are included (Table 35) on the alteration in the component 
acids when a group of animals was reared to 200 lbs. live weight on a con- 
trolled diet and subsequently starved for different lengths of time, during 

TABLE 35. COMPONENT ACIDS (JVTS. PER CENT) OF DEPOT FATS O 
PIGS DURING STARVATION 


Fat 

Days 

Fat 


Saturated 



Unsaturated 


Fasted 

loD. Val 

c ^, 

Cx4 


Cl a 

Ci4 

Cl 6 

Oleic * ‘Lin- 
oleic’ 

C2o-2a 

Perinephric 

0 

56-4 

— 

0-9 

29-3 

17-4 

0-3 

1-8 

40-3 

8-1 

1-9 


51 

56-6 

0-1 

0-8 

31-3 

17-6 

01 

10 

38-8 

8-3 

2-0 


135 

54*8 

■ — 

0-9 

30-3 

21-5 

0-2 

2-2 

34-1 

7-3 

3-5 

Inner back 

0 

58-9 

0-1 

0-8 

27-5 

15-1 

0-2 

1-7 

44-2 

7-3 

3-1 


51 

59-9 

— 

06 

29-4 

15-0 

0-2 

2-4 

40-0 

9-6 

2-8 

>9 99 

135 

54-7 

0-1 

0-9 

30-7 

18-8 

0-2 

17 

37-2 

7-1 

3-3 

Outer back 

0 

63-9 

0-1 

0-9 

26-5 

12-8 

0-2 

19 

46-8 

7-9 

2-9 


51 

65-0 

— 

0-9 

26-0 

13-0 

0-2 

1-7 

45-6 

9-1 

3-5 

•«» »» 

135 

60-0 

* Cf. 

0-9 30-1 

footnotes, p 
8 a 

15-1 

. 80 . 

0-2 

2-6 

39-5 

8-2 

3-4 
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which they would, of course, be dependent to a large extent on the mobilisa- 
tion of their stores of depot fat. 

Depot fats of pigs (and other animals) fed on diets which included various 
fats. The changes brought about in the reserve fats of animals as a result 
of the presence of specific fats in the diet have received special notice in the 
case of the pig. Discussion here may be restricted to the detailed analytical 
data which are available chiefly as the result of the studies of Ellis and his 
colleagues. 

The figures (Table 33 (i) ) given by Ellis and Zeller 65 for the component 
acids present in the composite body fats of hogs of varying age and weight, 
fed on a diet low in fat, together with those of Ellis and IsbeU. 6® (Table 33 (ii) 
and Table 36, below), serve as a basis of comparison with their further 
analyses of fats from pigs whose diet included various kinds of added fats. 
Ellis and Isbell 6® studied the influence of ingested fats on the composition 
of the pig body fats in a somewhat drastic manner by feeding different 
animals from the same litter on {a) brewer’s rice, tankage, and grass ; 
(b) maize, skim milk, and grass ; (c) soya beans alone ; and {d) groundnuts 
alone. The balanced diets {a) and ip) contained not more than 5 per cent, 
of vegetable fat, whereas (c) and (d) must have contained from 20 to 40 
per cent, of the vegetable fats specific to soya beans and groundnuts respec- 
tively. The fatty acids in the various body fats were found to be composed 
as shown in Table 36 : 

TABLE 36. COMPONENT ACIDS {WTS. PER CENT,} OF DEPOT FATS 
OF PIGS FED ON SOYA BEANS OR GROUNDNUTS 

Component Fatty Aceds (Per Cent.) 

Feed Fat Saturated Unsaturated 


From 

Iod- 

Val. 

Ci4 

C16 

C 18 

C20 

Oleic 

Lin- 

oleic 

Lino- 

lenic 

id) Brewer’s rice, etc. Back 

52-6 

1-8 

26-4 

12-1 

— 

58-5 

1-2 

— 

(b) Com, etc. Meat 

58-8 

0*7 

25-2 

12-7 

— 

54-4 

7-0 

— 

(c) Soya beans alone Back 

90-7 

0*7 

17-3 

9-5 

— 

40-4 

31-9 

0-2 

(c) „ „ „ Back 

100-6 

0-3 

14-1 

7-9 

— 

38-9 

38-3 

0-5 

id) Groundnuts alone Meat 

84-1 

0-4 

15-5 

7-5 

0-2 

56-9 

19-5 

— 

id) „ ,, Meat 

91-8 

0-1 

10-4 

4-9 

0-3 

64-6 

19-7 

— 


This remarkable series shows that, whilst a balanced diet containing not 
more than 5 per cent, of vegetable fat leads to body fats of exactly the same 
type as those given in the previous table, a ration of vegetable seeds alone 
leads to the following effects : {a) considerable diminution in the proportion 
of palmitic acid and the complete breakdown of the normal, approximately 
constant amount of the Cjs acids as a whole (cf. p. 83), {b) increase in the 
linoleic acid to proportions approaching those in the ingested vegetable 
fats, and {c) failure to produce steaiic acid even to the normal proportion 
observed in pigs fed on an ordinary balanced diet. Moreover, acids (respec- 
tively linolenic and arachidic in soya bean and groundnut oils) present in 
the vegetable fats in minor amounts appeared in the animal body fats as a 
result of this intensive vegetable seed diet. 

The precise concentration of added fat in the diet beyond which the 
normal composition of the body fat is definitely altered is indicated by a 
further series of experiments by Ellis, Rothwell, and Pool,'^^ in which pigs 
were fed on a basal diet (hominy, tankage, alfalfa meal, and mineral mixture, 
containing less than i per cent, fat), supplemented by varying amounts of 
cottonseed oil, with the results shown in Table 37 (p. 86). 
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TABLE 37. COMPOSITE BACK FATS OF HOGS FED ON VARYING 
RATIONS OF COTTONSEED OIL 


Feed 


Basal diet alone 

,, ,, +‘4 per cent. C.S.O. 

,, ,, -j- 8 per cent. C.S.O. 

„ ,, -1-12 per cent. C.S.O. 


Fat Component Fatty Acids (Per Cent.) 


lOD. VAL. 

Myris- 

Pal- 

Stearic 

Oleic 

Lin- 


tic 

mitic 



oleic 

60-6 

1-7 

25-5 

13-7 

50-2 

8*9 

60-5 

1*1 

25-0 

2M 

39-5 

13-3 

64-4 

0-8 

21-9 

23-3 

35-8 

18-2 

77-4 

1-1 

13-8 

26-5 

31-8 

26-8 


At some point between 4 and 8 per cent, of added fat in the diet, the total 
Ci8 acid content ceases to be approximately constant and commences to rise 
considerably, while the proportion of palmitic acid, of course, falls corres- 
pondingly. This is an especially good illustration of the fact that excessive 
fat in the diet cannot be dealt with by an animal in the same way as the fat 
which it itself normally produces ; the palmitic acid content of the body fat 
of the hogs fed on a diet containing 12 per cent, of cottonseed oil was less 
than that of the cottonseed oil itself (component acids of cottonseed oil : 
myristic 0*5, palmitic 22, stearic 2, oleic 30-5, linoleic 45 per cent.). 

It is also observable that, with increasing proportions of cottonseed oil 
in the diet, the stearic acid content of the body fats was likewise augmented ; 
whereas, in the cases of the pigs fed on soya beans or groundnuts alone, the 
stearic acid in the body fat declined below the normal figure. This suggests 
that the animals in the cottonseed oil experiments were able to elaborate, 
from the 88 per cent, or more of basal diet which was always present, a certain 
amount of stearic acid (at the expense of oleic acid) in order partially to 
compensate for the increasing quantities of assimilated linoleic acid. 

The studies of Ellis and his co-workers appear to contain material which 
goes far to explain the various factors which determine the extent to which 
assimilated fat can be utilised by the pig (and probably by other animals) 
for the purpose of its own reserve fat. In addition, we may mention that 
Brown ^4= has found that lard from pigs fed on a diet which included 14 per 
cent, of menhaden oil contained 2*7 per cent, of C20 a-nd C22 acids, which 
were sHghtly less unsaturated than the corresponding acids of the menhaden 
oil ; Brown and Deck ^3 had previously pointed out that pig body fats 
normally contain very small amounts (up to 0*4 per cent.) of the acids in 
question. 

As regards tallows, it is generally accepted that the higher melting point 
and more saturated nature of beef tallows from South America and Australia 
as compared with the softer North American tallows is to be connected with 
the diet ; in the first-named areas the cattle are practically entirely grass- 
fed, while in North America the practice is to fatten them to a large extent 
on oil-cakes (cottonseed, maize, linseed) ^ rich in unsaturated glycerides. 
On the other hand, Thomas, Culbertson, and Beard 75 found that liberal 
allowances of whole soya beans, menhaden oil, com oil or coconut oil fed to 
steer calves for 260 days had no perceptible effect on the unsaturation of their 
body fats. It may therefore be that different species of animals differ in 
the extent to which they utilise ingested fats in their reserve fats, (That 
oxen may be exceptional in this respect is further suggested by the observa^ 
tion that linoleic, linolenic, or erucic glycerides, fed to cows in the forms of 
linseed oil or rape oil {cf. pp. xoo— 102), do not pass to any marked extent into 
the milk fat glycerides.) 
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Horses fed continuously on grass or green fodder lay down fat very 
similar to mutton or beef tallow, whereas the fat of a horse when corn-fed 
is more oily and of a lower melting point. 

Experiments on dogs by Lebedev and by Munk led to similar results 
many years ago. In one instance ,76 two dogs were first starved and then 
fed, one on linseed oil and the other on mutton tallow ; the reserve fat of the 
first did not sohdify at o°, whereas that of the second melted at about 50"". 
Similarly, a dog fed with rape oil laid down adipose tissue fat in which erucin 
was detected.'^^ 

From the above it will be fairly clear that animals can, and indeed do 
normally, provide adequate supphes of reserve fats mainly by synthesis 
from carbohydrates or other components of their diet ; but that, in addition, 
they can utilise for this purpose the fatty acids present in the form of vegetable 
fats in their food. In view of the specifically constant nature of the various 
reserve fats deposited by animals which have lived on a diet containing onyl 
normal, relatively small proportions of fat, and of the manner in which the 
normal composition of their reserve fats is changed by ingestion of unusually 
large proportions of fat in the food, it seems reasonable to conclude that the 
most natural, and therefore probably the most healthy, condition is for 
animals to synthesise, rather than to assimilate directly, the greater part 
of their own reserve fats. 

The characteristic composition of the fatty acids in the depot fats of 
different species of animal, and the usual range of variations in the component 
acids of depot fats of one and the same species of animal, have been dealt 
with at some length in the preceding pages. It seems desirable, in concluding 
this section, to focus attention on the varying types of depot fat which have 
been considered by a table which includes examples, from the most detailed 
analyses available, of all the classes which have come under review. Table 38 
(p. 88) therefore includes a selection of the data referred to in the previous 
pages ; obviously it cannot take account of all the variations encountered 
within a single species, although two more or less extreme cases are quoted 
for both ox and pig depot fats. The object of Table 38 is to illustrate the 
variations in depot fatty acid compositions as between one class of animal 
and another, rather than to give a complete picture of the range of fatty ciad 
compositions within the depot fats of any given species. 


Component Acids of the Lipoids (Glycerides and 
Phosphatides) of Animal Organs 

A certain amount of detailed information has appeared in recent years 
with reference to the component acids present in the lipoids of various animal 
organs, especially the liver. In contrast to adipose tissue fats, which consist 
almost wholly of glycerides, and in which phosphatides are only present, if 
at all, in minute traces, the lipoids of animal organs include both glycerides 
and phosphatides in important proportions. Fortunately, in a number of 
recent analyses, the glycerides and phosphatides have been separated from 
each other as completely as possible by taking advantage of the sparing 
solubility of the latter in acetone, and separate studies have thus been 
carried out on the respective component acids of the glyceridic and phos- 
phatidic fractions. 
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TABLE 38. TYPICAL COMPONENT ACIDS {WTS. PER CENT.) OF THE DEPOT FATS OF DIFFERENT CLASSES OF ANIMAL. 

Class Animal Depot Fat Iod.Val. Saturatid Unsaturated 
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determined in these cases and in the rat depot fats. 



COMPONENT ACIDS OF FATS : LIVER GLYCERIDES 

Liver Lipoids 
(a) Liver Glycerides 

So far as can be traced, detailed analytical data by the ester-fractionation 
procedure are available for the mixed fatty acids of the liver glycerides of the 
frog, Greek tortoise, pig, ox, and sheep. These are collected in Table 39. 
It should be observed that, owing to the sparing solubility of mono-oleo- 
disaturated glycerides in cold acetone, the separation of glycerides and 
phosphatides by this method is probably not quite complete ; on the other 
hand, the amount of such glycerides present in liver lipoids will be relatively 
small, and the error thereby introduced will correspondingly also be com- 
paratively small. At the same time, the glyceride fraction of the liver 
Hpoids includes any free fatty acids present in the liver, and also any fatty 
acids present in combination with cholesterol. The amount of the latter is 
relatively small (i~3 per cent, of the glyceride fraction), but the free fatty 
acids present are variable and range, in Hilditch and Shorland's observa- 
tions,"^ 0 from about 10 to 50 per cent, of the glyceride fractions of the liver 
lipoids. 


TABLE 39. COMPONENT ACIDS (fVTS. PER CENT.) OF ANIMAL 
LIVER GLYCERIDES 


Class 

Animal 


Saturated 

A 




Unsaturated 



Gi4. 


Cl 8 

Ggo 

Gi4 

Cie 


Cgo C 22 

Amphibian 

Frog 2 

19- 

-23 per cent, (mainly 
palmitic) 

— 


61 

16^20 

Reptile 

Greek 

tortoise 

3 

11 

4 

— 

— 

iF” 

66 

(- 2 - 1 H) 

3 

(-4*5H) 

Herbivora 

Pig 

01 

22*5 

9*5 

— 

— 

8*9 

47*0 

(-2-4H)(. 

10*6 1*4 

- 6 - 8 H) (-- 6 - 8 H) 


Ox 

— 

25 

20 

— 

— 

9 

37 

(- 2 * 6 H)(- 

8 1 
-50Hto— 7‘5H> 


Ox 

1-4 

30*4 

6*6 

— 

1*1 

9.9 

40-3 

(-30H)(- 

8*5 1-8 

-6-9H) (— 6-9H) 

99 

*Cow''° 

2-8 

29*8 

5*3 

— 

0*4 

9*7 

48*6 

(-2-4H) ( 

3*4 — 

-60H) 


Sheep 

0*2 

21*9 

12*9 

— 

— 

4*9 

44-7 

(-2*8H)(- 

11-6 3-8 

-7-3H) (— 7-8H) 


* This specimen of liver exhibited marked fatty degeneration. 

Comparison of Tables 39 (Hver glycerides) and 38 (depot glycerides) 
reveals some interesting features. In the first place, the content of palmitic 
acid in both groups of glycerides is approximately the same in each animal 
species ; in the liver glycerides, as in the depot fats, the palmitic acid content 
rises from a figure reminiscent of marine animal fats (in the amphibia and 
reptiles) until it approaches 25-30 per cent, (in the liver glycerides of oxen) ; 
the corresponding figure for sheep and pig liver glycerides seems to be 
slightly lower (22 per cent.). Apart from this, the Hver glycerides only 
resemble the corresponding depot fats quantitatively in the content of 
unsaturated Cis acids (the mean unsaturation of which is, however, definitely 
higher than in the corresponding depot fat acids) . 

Qualitatively, the Hver glycerides differ from those of the adipose tissues 
in the presence of much greater amounts of unsaturated C20 and C22 acids, 
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and of hexadecenoic acid ; and (in the larger land animals) of considerably 
less stearic acid. In the liver glycerides of pigs, oxen, and sheep, hexadecenoic 
acid forms, as a rule, about 9 per cent, of the total acids, whilst unsaturated 
acids of the Cgo and C22 series (with a mean unsaturation equivalent to 
between 3 and 4 double bonds in the molecule) normally account for 10 per 
cent, or somewhat more of the total fatty acids. Stearic acid, on the other 
hand, although somewhat variable in proportion, is usually much reduced in 
amount as compared with the corresponding depot fats. 

The diethenoid C^g acids present in the liver, as in the depot, glycerides 
appear to be isomeric forms of ordinary or seed fat linoleic acid, since they 
do not yield more than small proportions of the tetrabromo- or tetrahydroxy- 
stearic acids characteristic of the latter. 

Judged by the average composition of their component acids, therefore, 
the liver glycerides of all the higher land animals so far studied exhibit 
fundamental differences from the corresponding glycerides in their reserve 
fats, but resemble the latter in their total contents of unsaturated Cig acids 
and, especially, in the proportions of palmitic acid present. One is tempted 
to go further, and to suggest that, in the land animal group, the component 
acids of the liver glycerides bear considerable quantitative resemblance to 
each other, irrespective of the species ; but with the restricted data available 
this conclusion must clearly be uncertain. 

In the course of their studies of the absorption of ingested fats by rats, 
Channon, Jenkins, and Smith found that the saturated acids of the rat 
liver glycerides closely resembled those of the carcass both in the proportion 
of the total fatty acids and in their mean molecular weights, while the 
unsaturated acids were less closely related. 

In the instances available for amphibia and reptiles, it seems that there 
is, on the contrary, considerable resemblance between depot and liver 
glycerides. 


(&) Liver JPhosphatide^ 

, In Table 40 will be found component fatty acid analyses of liver phos- 
phatides corresponding with those for the liver glycerides recorded in 
Table 39. 

Table 40 (liver phosphatides) should be considered in close conjunction 
with Table 39 (liver glycerides) and Table 38 (depot glycerides). It is 
readily seen that the Ever phosphatide component acids differ from those of 
the liver glycerides much more even than the latter do from those of the 
depot fats. Of the saturated acids, palmitic acid is definitely less prominent 
than in the other two classes of fats of pigs, oxen, and sheep, and usually (but 
not always) forms less than 15 per cent, of the total acids ; stearic acid, on 
the other hand, is present in much greater proportions than in the liver 
glycerides, and in several cases exceeds the amount customarily found in the 
corresponding depot fats. In the unsaturated acids, those of the Cis series 
are usually somewhat more unsaturated than in the liver glycerides (and 
include little, if any, ordinary or ** seed fat linoleic acid), but form a some- 
what lower proportion of the total acids ; whilst hexadecenoic acid is also 
lower than in the liver glycerides, generally amounting to about one-half to 
two-thirds of its percentage in tlxe latter (but in the case of the sheep liver 
examined by Hilditch and Shorland, the reverse condition was observed). 
Unsaturated C20 and C22 acids are present, however, in greater amounts 



COMPONENT ACIDS OF FATS : LIVER PHOSPHATIDES 

than in the liver glycerides ; in the pig, ox, and sheep phosphatides the 
combined proportions of this group are in the neighbourhood of 20 per cent, 
of the total fatty acids. 


TABLE 40. COMPONENT ACIDS iWTS. PER CENT.) OF ANIMAL 
LIVER PHOSPHATIDES 


Class 

Animal 


Saturated 




Unsaturated 




Cl 6 

Cig 



Cie 

Cis Cao Goa 

Amphibian Frog ® 

25 per cent, (mainly 
palmitic) 

— 

42 per cent. 33 

(mainly q^g) 

Reptile 

Greek 
tortoise ® 

— 

15 

10 

\ 

— 

10 

48 ' 17 

(-2-8H) (~6H) 

Herbivora 

Pig 70 

— 

12*1 

15'4 

1-8 

— 

4-8 

39-9 ' 24-1 1-9 " 

(— 2-2H) (— 6-5H) (— 6-5H) 


Ox 78 

— 

12 

30 

— 

— 

— 

40 18 — 

(-3-4H)(-8H) 


Ox 

— 

12-5 

27 

— 

— 

5 

27 18 10-5 

(— 3 0H) (—5-3 to — 8-2H) 


0X70 

1-3 

28*2 

14*4 

0-2 

0-7 

3-8 

31-5 19-9 * 

(-2-9H) (-7-5H) 


t Cow 70 

— 

21*3 

21-8 

— 

— 

4-1 

47-8 5-0 — 

(— 2-7H) (~6-0H) 

** 

Sheep 70 

* Mainly 

Cao- 

12-6 

21-8 

0-8 


8-9 

27-8 23-6 4-5 

(-3-1HX— 6'9H)(— 10-5H) 


t This specimen of liver exhibited marked fatty degeneration. 

The general result is that the component acids of liver phosphatides show 
a greater resemblance, irrespective of the animal species, than those of 
either of the other two groups. It is true, of course, that this resemblance is 
still by no means complete, but the extreme variations, so far as can be 
judged, in any one group from the frog to the ox, are much smaller than in 
the liver or depot glycerides. 

In the pig, ox, and sheep, the general features of all three groups may be 
illustrated by Table 41 (p. 92) , taken from Hilditch and Shorland's paper 7 o ; 
the data are given in molar percentages, and those for the liver glycerides and 
phosphatides have been corrected to allow as far as possible for the imperfect 
separation of the two groups of lipoids by differing solubility in acetone. 

The differences in the relative proportions of palmitic, stearic, hexa~ 
decenoic, unsaturated Cig, and unsaturated C20 and C22 acids in the three 
groups are highly significant, and may be commended to the consideration 
of those who appear at times, perhaps, too ready to assume that organ and 
depot fats must be, if not nearly related, at all events closely derivable from 
each other by actions involving, as a rule, merely addition or removal of 
hydrogen. They indicate conclusively that each acid must be considered, 
very largely, independently of the others in any explanation which may 
ultimately be offered of their location in the respective fats of the higher 
land animals. It may be helpful to give a tabular statement, in illustration 
of this point, which may give a general summary of the distribution of these 
individual acids, based on the data in Tables 3 S, 39» and 40 : 
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Acid Depot 

Glycerides 

Palmitic High 

Stearic (variable) High 

Hexadecenoic Very low 

Cl 8 ansaturated High 

C 20 and C 22 unsaturated Very low 


Liver 

Glycerides 

High 

Low 

Higher 

High 

Medium 


Liver 

Phosphatides 

Lower 

High 

Medium 

Lower 

High 


This comparison refers, of course, to the cases of pigs, oxen, and sheep. 
At the other end of the scale the data are not so detailed, and the amount of 
saturated acids in all the three groups of lipoids is lower ; but here also the 
proportion of unsaturated C20 and C22 acids is much increased, and that of 
the unsaturated C^q acids decreased, in the liver phosphatides as compared 
with the liver or depot glycerides. 

In the case of the rat, Channon, Jenkins, and Smith also observed 
that the liver phosphatide acids showed no relationship with the carcass fatty 
acids. 


TABLE 41. A COMPARISON OF THE CORRECTED FATTY ACID COMPOSI- 
TIONS OF THE NON-PHOSPHATIDE C GLYCERIDE ”) AND PHOSPHATIDE 
CONSTITUENTS OF THE OX, COW, PIG, AND SHEEP LIPOIDS WITH THE 
AVAILABLE DATA FOR THE CORRESPONDING DEPOT FATS. FATTY 
ACIDS QPER CENT. MOL.) 



Cl4 

Saturated 

Cie Cl a 

C 20 

Unsaturated 

Ox liver: 

“ Glyceride ” 

1-6 

32-5 

5-0 

— 

1-5 11-7 40-3 7-4* * * § 

(— 2-OH) (-2-0H) (-3-0H) (-6-9H) 

Phosphatide 

1-5 

29-7 

17-0 

0-2 

0-6 1-6 27-7 21-7 * 

(—2-OH) (—2-OH) (-2-9H) (— 7-5H) 

Depot 
glyceride t 

7-3 

29-2 

20-5 

— 

— 43-0 t — 

(-2-1H) 

Cow liver: 

“ Glyceride 

3-2 

34-7 

5-3 

— 

0-5 9-9 43-6 2-9 — 

(— 2 0H) (— 2 0H) (— 2-4H) (— 6 -OH) 

■ Phosphatide 

— 

22*9 

21-2 

— 

4-4 46-9 4-6 

(—2-OH) (— 2-7H) (— 6 -OH) 

Pig liver: 

“ Glyceride ” 

0-1 

25-8 

10-3 

0-2 

9-2 44-1 9-2 M 

(-2-0H) (-2-4H) (— 6 - 8 H) (- 6 - 8 H) 

Phosphatide 

— 

13-4 

15-3 

1-7 

5-3 40-3 22-4 1-6 

(-2-0H) (-2-2H) (-6-5H) (-6-5H) 

Depot 
glyceride | 

Sheep liver: 

1*1 

28-1 

9-7 


— 61-1 — t — 

(-2-1H) 

“ Glyceride ” 

0-3 

24-2 

12-5 

— 

5-3 44-1 10-5 3-2 

(-2-PH) (-2-8H) (-^7*3H) (-7-8H) 

Phosphatide 

— 

13-9 

21-7 

0-7 

9-9 28-0 21-9 3-9 

(— 2 0H) (— 31H) (— 6 - 9 H)(— 10-5H) 

Depot 
glyceride 1 } 

21 

24-6 

25-6 

— 

_ 47.7 — 

(— 2-2H) 


* Mainly Cgo- 

t Traces of C 20 acids are also present in these depot glycerides, 

t Mean values — ^Banks and HUditch; cfl Armstrong and Allan.®® 

§ Mean values — ^EUis and ZeUer; cf. Ellis and Isbell,®* Bhattacharya and Hilditch.*’ 

It Mean values — ^Armstrong and Allan, «« cf. Collin et al.^^ 
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It may be added that Irving and Smith 79 found the component acids of 
the mixed lipoids of a pig liver to consist of lauric 0*4, myiistic 0*7, palmitic 
14*0, stearic 18*8, arachidic 1*7 ; hexadecenoic 1*5, oleic 28, lin oleic 5, 
unsaturated C20 20, and unsaturated C22 7*5 per cent, (wt.) . 

Lipoids of other Animal Organs 

The fats of few animal organs, other than the liver, have yet been investi- 
gated in detail, but recent figures for individual component acids are available 
in the case of the lipoids of the heart-muscle, adrenals, and blood of the ox. 
Broadly speaking, these analyses suggest closer resemblance to those of the 
liver glycerides or phosphatides than to those of depot glycerides. Un- 
saturated C20 (and C22) acids are prominent in each case, whilst the palmitic 
contents are lower than in the depot glycerides ; hexadecenoic acid was 
probably not allowed for in most of these studies. The data in question 
are collected in Table 42. 

TABLE 42. COMPONENT FATTY ACIDS iWTS. PER CENT.:) OF THE 
LIPOIDS FROM VARIOUS PARTS OF THE OX 

Saturated Unsaturated 

LrpoiDs OJF Observers U14 Ojc Oi8 O20 ^i8 ^20 ^22 

Heart- f Glycerides Klenk and Ditt — 22 20 — 12 45 — — 

muscle \ Phosphatides „ „ — 14 21 — — 45 14 1 

Adrenals Phosphatides Ault and Brown 1*2 23*8 11*1 2*0 — 40*2 22-2 — 

Blood Mixed lipoids Parry and Smith — 10 13 3 — 26* 33 10 

* Linolenic acid absent; oleic acid 20 per cent, and octadecadienoic acid 6 per cent. 


Component Acids of Animal Milk Fats 

The component fatty acids of most milk fats, especially, perhaps, those 
of herbivorous mammals, differ from those of either the depot or organ fats 
of the same animal by including, in addition to palmitic, stearic, oleic, and 
linoleic acids, definite but small proportions of butyric, caproic, caprylic, 
capric and lauric acids, with a somewhat larger amount of myristic acid 
than is present in the depot fats. Naturally, most of the detailed component 
acid analyses of milk fats are those of cow milk fats, although a few data are 
available for the milk fats of other herbivora — ^bufialo, sheep, goat, and 
camel. 

Before discussing these figures it should be pointed out that the com- 
ponent acids of other mammalian milk fats undoubtedly show wide variations 
in their proportions of lower saturated acids. Probably the 4 per cent, 
(weight) of butyric acid in cow milk fatty acids approaches the maximum 
amount present in any milk fat. At the other end of the scale we have the 
milk fats of marine m amm als such as the whale, which have been shown by 
Schmidt-Nielsen and Frog and by Klem to contain no acids of lower 
molecular weight than those present in whale depot or liver fats, and whose 
component acids are quantitatively closely similar to those of the depot fats 
(cf. Chapter II, p. 52). It is therefore more or less an open question as to 
which species of mammals are characterised by the production of defimte 
proportions of lower saturated acids in their milk glycerides. 

Some indication on this point is to be gained by comparing the average 
Reichert-Meissl and Polenske values of the milk fats of different animals. 
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TABLE 45a. COMPONENT ACIDS OF GOAT AND COW MILK FATS 
iSOME OR ALL OF THE MINOR UNSATURATED COMPONENTS 

INCLUDED') 

Goat *» Cow (Berkshire, England) 

Stall-fed Stall-fed 

Winter Winter 

1935 1937 30 


Acid 

Butyric 

(i) Weight Percentages 

2*1 3*7 

3-0 

/i-Hexanoic (caproic) 

1*9 

2-0 

1-4 

/2-Octanoic (caprylic) 

2-7 

1*0 

1-5 

72 -Decanoic (capric) 

7*9 

2-6 

2-7 

Laurie 

3*5 

1-7 

3-7 

Myristic 

10*2 

9-3 

12-1 

Palmitic 

28*7 

25-4 

25-3 

Stearic 

8*1 

10-7 

9-2 

as Arachidic 

0*4 

0-4 

1-3 

A ® ^ ®-Decenoic 

0*2 

0-2 

0-3 

A ® ’ ^®-Dodecenoic 

— 

— 

0-4 

A ® * ^“-Tetradecenoic 

0*4 

1-2 

1-6 

9 : lo-Hexadecenoic 

2*1 

5-0 

4-0 

Oleic 

31*1 

32-4 

29-6 

as Octadecadienoic 

— 

4-0 . 

3-6 

as C20-22 unsaturated 

0*7 

0-4 

0-3 

Butyric 

(il) Molar Percentages 

56 9-8 

8-1 

n-Hexanoic 

3*8 

4-1 

2-8 

«-Octanoic 

4*3 

1-6 

2-5 

«-Decanoic 

10*6 

3-5 

3-7 

Laurie 

4*0 

2-0 

4.4 

Myristic 

10*3 

9-6 

12-5 

Palmitic 

25-9 

23*4 

23-2 

Stearic 

66 

8-9 

7-6 

as Arachidic 

0*3 

0-3 

I-O 

A ® * ^®-Decenoic 

0-3 

0-3 

0-4 

A ® * ^®-Dodecenoic 

— 

— 

0-5 

A ® * ^"-Tetradecenoic 

0-4 

1-3 

1-7 

A* * ^“-Hexadecenoic 

1*9 

4-6 

3-7 

Oleic 

25-5 

27-0 

24-8 

as Octadecadienoic 

— 

3-3 

2-9 

as C20-22 unsaturated 

0-5 

0-3 

0-2 


Whilst the few analyses in Tables 45 A and 45 B (p. 98) must be regarded 
as the most comprehensive and the most accurate in detail, those in Tables 43 
and 44 conform to the more detailed analyses in all respects, save that the oleic 
acid figures are probably 3-5 per cent, too high {since they include unsatura- 
tion represented in reality by the small amounts of Cio» Ci2^ C14, and Cj® 
mono-ethenoid acids). The effect of this upon the figures for the saturated 
acids in Tables 43 and 44 is small in any individual case, because the result 
of the inclusion of the various lower unsaturated acids with oleic acid is 
spread, as it were, over a number of the homologous saturated acids. 

Taking the more prominent individual acids of milk fats (and basing 
comparisons ojp. their molar proportions), it is seen that, as in the corre- 
sponding depot fats, palmitic and oleic are the chief component acids. The 
content of palmitic acid ^ain has some approach towards constancy, but is 
somewhat lower than in the depot fats. The average figure is probably in 
the region of 24-26 per cent., rather than 30 per cent. Milk fats from 
individual cows examined over a rsmge of some years by Dean and Hilditch ^ 
suggest that the proportion of palmitic acid in the milk fat declines with 
progressive age of the lactating animal. 
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TABLE 45b. COMPONENT ACIDS OF COW MILK FAT PRODUCED 
DURING FASTING XSMITH AND DASTUR 

{SOME OR ALL OF THE MINOR UNSATURATED COMPONENTS INCLUDED) 



Cow No. 

1 

Cow No. 2 


Before 

E>uring 

During 


Fasting 

Fasting 

Fasting t 

Acm 

(i) Weight Percentages 


Butyric 

3*5 

1*2 

2-7 

/i-Hexanoic (caproic) 

0*6 

— 

0-1 

/lOctanoic (caprylic) 

1*0 

01 

0*1 

jj-I>ecanoic (capric) 

1*8 

0*2 

1-0 

Laurie 

2*5 

0*1 

0*6 

Myristic 

11*9 

2*8 

3*8 

Palmitic 

23*5 

200 

22*1 

Stearic 

11*6 

14-3 

9*9 

Arachidic 

1*1 

0*9 

0-9 


0*2 

— 

0*2 t 

: ^®~Dodecenoic 

0*2 

— 

0*2 t 

* 1 ®-Tetradecenoic 

0*9 

0-4 1 

0*4 i 

: 1 ®-Hcxadecenoic 

3*2 

1*4 

20 

Oleic 

35*9 

52*8 

51*7 

Octadecadienoic 

1*2 

2*5 

0*8 

Cao unsaturated 

0*8 

3*3 

3*5 


(ii) Molar Percentages 


Butyric 

9*7 

3*5 

7*9 

7z-Hexanoic 

1*2 

— 

0*1 

/i-Octanoic 

1*6 

0*2 

0-2 

/i-E>ecaiioic 

2*5 

0*3 

1*5 

Laurie 

3*0 

0*2 

0*7 

Myristic 

12*5 

3*2 

4*3 

Palmitic 

22*1 

20*9 

22*1 

St^uic 

9*8 

13*5 

8*9 

Arachidic 

0*8 

0*8 

0*8 


0*3 

— 

0-2 

A* * ^®-I>odecenoic 

0*3 

— 

0*3 

; lo-Tetradeceaioic 

1*0 

0*5 

0-5 

» : i®-Hexadecenoic 

3*0 

1-5 

2*0 

Oleic 

30*5 

50- 1 

46*9 

Octadecadienoic 

1*0 

2*4 

0-7 

Cb 8 unsaturated 

0*6 

2*9 

2*9 


* Sample from mixed fat secreted on. 11th and 12th days of inanition, 
t Pooled sample from fat secreted on the last six days (7th-12th) of inanition. 
i Figores n^arked thus are probably somewhat higher than the true values (owing to 
difliculty of determining the small proportions in question). 

The proportions of oleic acid, are likewise lower in the milk fats than in 
the depot fats of cows, and show a similar behaviour in that, the amount of 
palmitic acid being roughly constant, there is a reciprocal relation between 
the proportion of oleic acid and that of the saturated acids, especially stearic 
add. These relations are not so well defined as in the depot fats, and this is 
natural since the composition of milk fat is more liable to variation in con- 
sequence of seasonal and other causes. This is most marked, perhaps, in 
the sudden change which occurs when the cattle p^s from winter stall 
feeding to graze on early spring or summer pasture. This results in a 
sudden increase of about 3, to 6 units in the iodine value of the milk fat and a 
less marked decline in its Reichert-Meissl value (which is subsequently 
re-established)* Some influence connected with the seasonal change of diet 
causes an increase of a few per cent, in the oleic acid content, a slight diminu- 
tion in that of butyric add, and a more definite temporary fall in the stearic 
add figures. The predse character of these seasonal changes in the milk 
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fat of cows is not easy to establish, since other factors also come into play, 
notably and almost certainly the slight variations in composition in the 
milk fats of different individuals, and of the same individual as the number 
of lactations increases. 

The diethenoid Cig acids of cow milk fat have been the subject of much 
discussion. Hilditch and Miss Jones mentioned in 1929 that the acids 
then recorded as linoleic failed to give the usual yields of the tetrahydroxy- 
steafic acids (m.p. 155^^ and 173°) characteristic of linoleic acid from vegetable 
sources. In 1933, Bosworth and Brown 87 could not detect any linoleic acid 
in butter fat, whilst Eckstein could only find minute amounts of linoleic 
and linolenic acids, when isolated in the form of their characteristic tetra- 
or hexa-bromo-additive products. Green and Hilditch showed that the 
polyethenoid unsaturation of the Cjs acids was not due, beyond a very limited 
extent, to tetra- or even tri-ethenoid unsaturation, and also foimd that the 
products of disruptive oxidation were the same (hexanoic and azelaic acids) 
as from seed fat linoleic acid ; like previous workers, they obtained variable, 
but only small, yields of the tetrahydroxysteaiic acids, m.p. 155° and 173°, 
when the Cis unsaturated acid fractions were oxidised with alkaline per- 
manganate. The present position has been stated by Brown 101 and by 
Hilditch as follows : whilst ordinary or seed fat linoleic acid occurs in 
only minute proportions in cow milk fat, there is a certain proportion (3-5 
per cent, of the total fatty acids) of octadecadienoic acids which appear to 
be different geometrical {cis-trans) isomerides of the ^^•^^-acid. It 

has already been mentioned alcove (pp. 79, 90) that a similar state of 
affairs holds for the diethenoid C^g acids of ox depot and liver glycerides; and 
liver phosphatides. 

In contrast, it may be mentioned that Bosworth was able to obtain 
without difficulty the characteristic tetrabromostearic acid, m.p. 114®, from 
the unsaturated acids of human milk fat. 

The lower saturated acids of milk fats, although collectively not so 
prominent as either oleic or palmitic acid, are the constituents which 
qualitatively differentiate most milk fats from all other fats. In cow milk fat, 
the acids from butyric to lauric accoimt for about 18 to 22 mols. per 100 mols, 
of the total component acids ; of these but3uic usually amounts to 8~ir 
mols. per cent., and hexanoic 3—4 mols. per cent. Butyric acid is thus the 
most abundant of the lower saturated acids in cow milk fat, but this statement 
does not apply to the milk fats of some other animals. It will be seen, how- 
ever, that the milk fat of the (Indian) buffalo is closely similar to that of the 
domestic cow in its component fatty acids. 

In the milk fats of sheep and goats (which appear to be similar in com- 
position) it will be noticed that, whilst the butyric acid content is slightly 
lower than in cow milk fats, the proportions of octanoic and decanoic 
(caprylic and capric) acids are much greater and approach, or even exceed, 
that of but57ric acid in cow milk fats. The presence of about 10- mols.- per 
cent, of decanoic acid seems to be a characteristic feature in both goat and 
sheep milk fat. Of the higher fatty acids, it is notable that the proportions 
of both palmitic and oleic acids (although these are still the most abundant 
individual acids in either fat) are definitely low in comp^^ir figures 

for most cow milk fats. 

In camel milk fat, on the other handy^i'^teve a case in which the b 
acid content (6 mols. per cent.) is low^iE^n in the above f^,.^e pa 
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acid figure (28 mols. per cent.) is similar to the average for most cow milk 
fatty acids, and the oleic acid content approaches the maximum so far 
observed in cow milk fats. If the solitary analysis available is typical for 
camel millr fats, it may be said that the only marked difference between the 
milk fats of the camel and the cow is a reduction by about 50 per cent, in the 
proportions of butyric and hexanoic acids in camel as compared with cow 
milk fat. 

The component acids of sow milk fat have been deduced by Laxa,^^^ 
apparently from the Reichert-Meissl (2*1), Polenske (1*2), iodine (58*2), 
and saponification (i93'9) values, as caprylic+capric i*5, myristic 2*7, 
palmitic 28*0, and oleic 67-8 per cent. Although these figures are probably 
only in the nature of an approximate indication, they serve further to 
niustrate the point already made on p. 93, namely that in many animals 
the milk fatty acids probably resemble the depot fatty acids much more 
closely than in the case of the cow. The lower saturated fatty acids are by 
no means so prominent in many milk fats as they are in that of the cow. 

The mode of production of these characteristic milk fats in the mammary 
glands of animals is a subject which invites discussion. The composition 
of the milk fats finally produced may, in certain circumstances, provide 
material of use in suggesting processes which may be operative. This 
becomes more likely since it has been established independently by Kay et 
and by Maynard, McCay, et that the precursors of milk fat are 

the neutral glycerides present in the blood, and not blood phosphatides or 
cholesterol esters. To utilise the constitutive information on milk fats 
fully for such discussion involves, however, the question of their charac- 
teristic component glycerides as well as fatty acids, and the matter will 
therefore be deferred until their glyceride structure has been considered 
(Chapter VII, p. 240—243), It may, however, be mentioned here that amongst 
the points which appear to be important to bear in mind are (i) the relative 
constancy of the palmitic acid content, (ii) the reciprocal relationship 
between the proportion of oleic acid on the one hand, and the sum of 
those of the lower saturated acids and of stearic acid on the other, and 
(iii) the occurrence of lower mono-ethenoid acids (down to, but not below, 
Cjo) in milk fats, in each of which the unsaturated group occupies the same 
position ( relative to the carboxyl group as it does in oleic acid. 

Component adds of milk phosphatides. The only analysis which 
seems to have been carried out on the phosphatide fatty acids of milk is one 
of the fatty acids of the lecithin-kephalin fraction by Kurtz, Jamieson, 
and Holm,io’^ who reported the presence of the following acids : myristic 
5*2, stearic 16*1, arachidic 1*8, oleic 70*6, and docosatetraenoic (?) 6-3 per 
cent. {wt.). The absence of palmitic acid appears unusual, but the presence 
of stearic acid in relatively large proportions and of the highly unsaturated 
add is reminiscent of observations on other phosphatides from aninial 
livers and from v^etable seeds (this Chapter, p. 90, and Chapter IV, 
p. 166), 

Ccm^pcment adds of milk fats from cows receiving specific fatty oils in 
thdr d^ts. A few stuxiies have been made of the fats from the milk of 
Berkshire cows which had been given a regular ration of one or other fatty 
oil for some time previous to the period at which the milk was taken. The 
results are summarised in Table 4^> and some details of the fats added to 
the normal diets are as follows : 
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Coconut oil cake 7 lb. coconut cake daily for two weeks previously. 
Soya bean cake 5-2 lb. soya bean cake daily for two weeks previously. 
Linseed oil 4 ounces linseed oil daily for two weeks previously. 

Rape oil 4 ounces rape oil daily for two weeks previously. 

Cod liver oil 4 ounces cod liver oil daily for two weeks previously. 


TABLE 46. COMPONENT ACIDS OF COW MILK FATS iEFFECT OF 
ADDED FATS IN DIETS') 


Ingested Fat: 

Coconut Soya Bean 

Linseed 

Rape 

Cod Liver Oil ® 


Cake «« 

Cake 

Oil 

Oil 

I 

H 


(«) 


id) 

ib) 

(^) 

(b) 

(a) 

Minor unsaturated components not included. 



(b) 

Minor unsaturated components included. 



Acid 


(i) Weight Percentages 




Butyric 

3-4 

3-6 

4*2 

3-6 

2-1 

2-0 

/i-Hexanoic 

2-0 

1-5 

2-0 

1*6 

0-9 

0-6 

/j-Octanoic 

1-1 

1-7 

1-3 

1-0 

0-5 

0-6 

n-JDecanoic 

3-2 

3-8 

2-3 

1-5 

1-2 

1-3 

Lauric 

7-3 

6-5 

3-1 

1-8 

3-1 

0-9 

Myristic 

17-1 

10-6 

8-4 

8-1 

6-4 

8-4 

Palmitic 

27-0 

26-3 

21-8 

20-3 

22-7 

25-4 

Stearic 

4-8 

8-3 

9-9 

13-8 

6-7 

8-2 

as Arachidic 

— 

1-2 

0-6 

0-5 

0-6 

0-6 

as I>ecenoic 

— 

— 

— 

0-2 

— 

0-5 

as Tetradecenoic 

— 

— 

— 

1-3 

— 

1-4 

as Hexadecenoic 

— 

— 

— 

2-4 

— 

3-3 

Oleic 

31-7 

32-9 

39-3 

36-0 

43*3 

37*8 

as Octadecadienoic 

2-4 

3-6 

5-9 

3-3 

4-8 

3-9 

as C 20-22 unsaturated 

— 

— 

1-2 

1-0 

7-7 

5-1 

as Erucic 

— 

— 

— 

3-6 

— 

— 



(ii) Molar Percentages 




Butyric 

9-0 

9-6 

11-2 

9.9 

6-1 

5-7 

7 i-Hexanoic 

3-9 

3-0 

4-1 

3-4 

2-0 

1-2 

/i-Octanoic 

1-7 

2-8 

2-1 

1-6 

0-8 

1-0 

w-Decanoic 

4-3 

5-1 

3-1 

2-2 

1-8 

1-9 

Lauric 

8-3 

7-5 

3-6 

2-2 

3-9 

1-1 

Myristic 

17-2 

10-7 

8-6 

8-6 

7-1 

9-3 

Palmitic 

24- 1 

23-7 

20-0 

19-1 

22-4 

25-1 

Stearic 

3-9 

6-7 

8-2 

11-7 

6-0 

7-3 

as Arachidic 

— 

0-9 

0-4 

0-4 

0-5 

0-5 

as Dccenoic 

— 

— 

— 

0-2 

— 

0-8 

as Tetradecenoic 

— 

— 

— 

1-4 

— 

1-5 

as Hexadecenoic 

— 

— 

— 

2-3 

— 

3-3 

Oleic 

25-7 

27-0 

32-8 

30-8 

38-8 

33*8 

as Octadecadienoic 

1*9 

3-0 

5-0 

2-9 

4-4 

3-5 

as C 20-22 unsaturated 

— 

— 

0-9 

0-7 

6-2 

4-0 

as Erucic 

— 

— 

— 

2-6 

— 

— 


The effects of the ing^ested vegetable fats on the milk fats in Table 46 
were comparatively slight^ but certain points of interest appeared. Com- 
parison should, of course, be made with the cow milk fats from animals on 
normal staU-fed or pasture diets already given in Tables 44 and 45 A. 

Coconut oil, which is rich in lauiic and myristic acids {cf. Chapter IV, 
Table 59B, p- 162), hajs apparently little effect on most of the component 
acids, but the lauric and myristic acids are each present in about twice the 
usual amount. This suggests that some of the lauromyristins, present in 
quantity in coconut fat, may have passed directly into the milk fat. 

The results of ingestion of soya bean cake and linseed joik arez^teresting 
chiefly because, in spite of the high linoleic content of bb^ oils an d of high 
linolenic acid content in linseed oil, the amount pqLy^thenoid ^18 acids in 
the milk fats showed no significant increase. JMoreover^: the latter acids 
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yielded no insoluble tetra- or bexa-bromostearic acids, and only very smaU 
amounts of the tetrabydroxystearic acid, m.p. 155°. Tbe results thus 
strongly suggest that neither the linoleic nor the linolenic acid of seed fats 
are readily assimilated by cows or, at least, that they are not retained as 
such by the mammary gland of this animal. For the rest, these two milk 
fats showed no great divergence from normal, other than perhaps a fairly 
high oleic acid figure in the fat from the cow which had received linseed oil. 
It may be of minor significance that the apparent arachidic acid figure is 
higher than usual in the fat from the cow which received soya bean cake, 
since this acid is present in soya bean oil as a minor component (for the 
component acids of soya bean and linseed oils, see respectively Chapter IV, 
Table 57, p. 153, and Table 49, p. X25). 

Rape oil, similarly, has little effect on the milk fat component acids unless 
to increase the oleic acid slightly, at the general expense of the remaining 
constituents, especially, perhaps, ' palmitic acid. In this case there was 
definite evidence of the infiltration of a small proportion of erucic acid 
(which forms 45-50 per cent, of the acids of rape oil, cf. Chapter IV, Table 56, 
p. 149) ; but seed fat linoleic acid, which is also present in rape oil to the 
extent of 25-30 per cent., was, as usual, not detected with certainty. 

The results of feeding cod liver oil to cows stand quite apart from the 
rest of the data included in Table 46. The outstanding features are : 
(i) the great reduction (of the order of 50 per cent.) in the amount of lower 
saturated acids ; (ii) a proportionately similar increase in oleic acid ; (iii) no 
great difference from the normal in the amount of octadecadienoic acid ; 
(iv) the presence of about 5 per cent, of C20-22 unsaturated acids instead of 
the I per cent, (or thereabouts) of these acids normally present ; and (v) the 
absence of any increase in the small amount of hexadecenoic acid, although 
this acid is almost as prominent a component of the cod liver oil acids as 
the C20-22 acids. These effects, which are accompanied by a reduction of 
the fat content of the milk, are probably significant not only from the 
practical standpoint but also from their possible bearing on the metabolism 
of milk fat. They are even more striking when depicted in the form of the 
amount of each fatty acid produced daily by the lactating cow than when 
given as percentages {cf. Chapter VII, Table 82, p. 241) . This aspect of the 
results in question, and their possible implications as regards milk fat 
metabolism, will be returned to later (Chapter VII, p. 240). At this point 
we will only add that Golding has indicated that the specific effect 
of cod liver oil on the lactation of the cows is not shown when the unsaponi- 
fiable fraction of the oil, instead of the whole oil, is given in the diet, thus 
pointing to the injmious or active component occurring in part of the 
triglycerides ; that McCay and Maynard reached the same conclusion in 
regard to the production of muscular lesions in animals after ingestion of 
cod liver oil ; and that the data in Table 46 show clearly that, in contrast to 
the absence of infiltration of seed fat linoleic or linolenic acids from the diet, 
the highly unsaturated C^o and C22 a-cids of cod liver oil pass into the milk 
fat to quite an appreciable extent. 
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CHAPTER IV* 

THE COMPONENT ACIDS OF VEGETABLE FATS 

In this chapter we shall be occupied for the most part with a very large 
number of fats from the seeds or fruit coats of the higher land flora. Before 
proceeding to deal with these it is logical to consider the comparatively few 
accounts to hand of the fatty acid components of fats present in the simpler 
plants, such as moulds, fungi, mosses, and other cryptogams. An interesting 
part of the plant kingdom — the aquatic flora — has already received attention, 
of course, in Chapter II (pp. 23-27), wherein the fats present in phyto- 
plankton, algse, and other aquatic vegetation were discussed. 


Cryptogam Fats 

The component acids of glycerides from several species of these simpler 
forms of vegetable life have been reported from time to time. Until recent 
years, they were usually given as a mixture of palmitic, stearic, oleic, and 
linoleic acids, but it has lately been shown that hexadecenoic acid is usually 
also fairly prominent. 

Bacteria. The lipoid matter of bacteria has received attention in the 
cases of tubercle baciUi and diphtheria bacteria. Those of tubercle and 
leprosy baciin are mainly composed of waxes, and the extensive studies of 
Anderson 1 et aL have shown that the acidic components do not belong solely 
to the same series as the fatty acids of glycerides, but are to a considerable 
extent saturated acids possessing branched carbon chains. Their melting 
points are much lower than those of the corresponding normal saturated 
aliphatic acids. 

Chargaif 2 found that diphtheria bacteria contain glyceridic fat, the 
component acids of which, in addition to about 30 per cent, of palmitic 
acid, consist mainly of ^^-hexadecenoic acid. 

Yeast. Yeast lipoids have been sftidied by several workers, but no very 
clear-cut data have resulted, and apparently the systematic ester-fractiona- 
tion procedure has not yet been applied to them. A typical recent study is 
that of Taufel ^ et al., who apparently relied on determination of saturated 
acids by lead salt separation or Bertram oxidation, coupled with thiocyanogen 
and iodine values of the unsaturated acids. They reported that the specimen 
of yeast fat examined contained 3*3 per cent, of sterols and i6‘3 per cent, of 
the hydrocarbon squalene, whilst the composition of the fatty acids (expressed 
as percentages of the latter) was as follows : lower acids volatile in steam 
7*3, palmitic 13-4, stearic 8*3, oleic 66-9, and linoleic 4-1 per cent. That 
this is not the whole story is shown by the work of Newman and Anderson,^ 

T chapter, owing to the very large number of references to 

individual determinations of component fatty acids in the tables, the literature 
references in the text are given separately from those in the tables (the latter 
being appended (for each table) following the textual references—'" References to 
Table 47," etc.). 

to6 



COMPONENT .ACIDS OF CRYPTOGAM FATS 

who showed that, whilst the saturated acids were made up of 75 per cent, 
palmitic and 25 per cent, stearic acids, the unsaturated acids yielded on 
hydrogenation a mixture of 25 per cent, palmitic and 75 per cent, stearic 
acids. In other words, a quarter of the unsaturated acids, according to 
Newman and Anderson's data, must consist of hexadecenoic acid. In 
terms of Taufel's figures for the unsaturated acids, this would suggest that 
hexadecenoic acid accounts for about 18 per cent, of the total fatty acids. 
Since yeast fat may soon attain some industrial importance, it is to be 
anticipated that further and more complete studies of its composition may be 
made in the near future. 

Moulds and furmi. The plasmodium of JLy cogala epidendrum and of 
Reticuldria lycoperdon contains respectively 37 per cent, and 23 per cent, of 
fatty matter ; according to Kiesel,^ the fatty acids present included 8—16 per 
cent, of palmitic, 70-77 per cent, of oleic, and 13—15 per cent, of linoleic 
acid. 

Fairly recent and detailed analyses have been given for the component 
acids of the fats, present to the extent of about 10 per cent, of the dry weight, 
in three moulds, namely, Penicillium javanicunt (Ward and Jamieson®), 
a species of Citromyces (Taufel, Thaler, and Schreyegg^), and Oidium lactis 
(Kaufmann and Schmidt s) : 


Component Acids 


Palmitic 

Stearic 

72-Tetracosanoic 

Oleic 

Linoleic 


Penicuxium 
Javanicum 
(Per Cent.) 

23-4 

9.4 

0 8 
34-6 
31-8 


Otromyces 

Sp. 

(Per Cent.) 
6 - 8 ) 
11-8 V 

40-7 

40-7 


Oidium 
Lactis 
(Per Cent.) 

42-8 

41-2 
11*8 ♦ 


* Also traces of linolenic acid and about 4 per cent, of hydroxy-acids. 


The fatty acids present in the fats of ergot (of barley) and maize blight 
have also received some notice. Ergot {Secale cornutum) contains from 
15 to 30 per cent, of lipoids, the acids of which have been examined by ester- 
fractionation by Baughman and Jamieson ® and by Fiero with the following 
results : 


5MPONENT Acids 

Bauohman and 
Jamieson ® 

Fiero 


(Per Cent.) 

(Per Cent.) 

Myristic 

0-3 

3-0 

Palmitic 

21-6 

25-0 

Stearic 

5-5 

2-1 

Arachidic 

0-7 

— 

Oleic 

63-1 

20-9 

Linoleic 

8-8 

13-2 

Ricinoleic 

— 

35-8 


The differences in the figures for unsaturated acids are remarkable, since 
it seems unlikely that ricinoleic acid would have been overlooked by Baugh- 
man and Jamieson ; but Matthes and Schiitz n have also stated that 
hydroxyoleic acids form 35 per cent, of the mixed acids of ergot oil. 
Jamieson notes that various workers report appreciable (mostly high) 
acetyl values for ergot oil, ranging from 7 to 63, but were unable in most 
cases to isolate any definite hydroxy-acid ; he adds that he is unable to 
account for the extreme variations showm in the acetyl values. 
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The fat (6 per cent, of the air-dried fungus) in maize blight {Ustilago 
Zeca) was examined by the older methods in 1910 by ZellnerA® who reported 
the usual 10-15 per cent, of saturated acids and 85-90 per cent, of oleic acid 
as the component acids. 

The spores of a toadstool. Amanita muscaria, contain 1-4 per cent, of 
fat, the acids of which were stated by Heinisch and Zellner to consist of 
about 10 per cent, of saturated (palmitic) and 90 per cent, of unsaturated 
(oleic) acids. 

Clubmens. The spores of Lycopodium clavatum contain about 50 per 
cent, of fat, the acids of which (apart from about 4 per cent, of myristic, 
palmitic, and stearic acids) were stated by Rathje to consist, to the extent 
of over 90 per cent., of lycopodic acid, said to be an isomeric form of 
hexadecenoic acid. Riebsomer and Johnson showed in 1933 that the 
Lycopodium spore-fat acids were made up of 55-60 per cent, of ordinary 
oleic acid with 30—35 per cent, of A®* ^^“hexadecenoic acid, accompanied by 
smaller proportions of palmitic and linoleic acids. 

It is fairly evident that saturated acids form from about 10 to 30 per 
cent, of the mixed acids of the fats of moulds, fungi, and similar plants, and 
that palmitic acid is, as usual, the most abundant saturated acid, although 
stearic acid is sometimes present in fair quantity. The nature of the 70-90 
per cent, of unsaturated acids is less certain. In most of the analyses it 
seems to be more or less arbitrarily assumed to be entirely oleic, or oleic with 
some linoleic acid. Even in the more detailed work of Jamieson, Taufel, 
or Fiero, it would appear that the possibility of the presence of hexadecenoic 
acid in appreciable proportions has not been considered. Since this acid 
has now been shown to be prominent in, for example, the fats of lycopodium 
spores and of yeast, it is probably safer to reserve judgment as to the exact 
nature of the unsaturated acids of many other similar fats until these have 
been re-investigated in still greater detail. 


Phanerogam Fats 

Fats occur in most parts of phanerogams — plants whose mode of repro- 
duction is by seeds. During the period of growth they are present in the 
physiologically active cells of the leaf and stem systems, but, as a rule, form 
only a small proportion of the whole of the components. Moreover, they 
are accompanied by phosphatides (phosphatidic salts,!^ C3H5(0R)2.0.P03M,’*' 
rather than actual phosphatides, CqH5(0jR)2>0.P0(0H).0.[C2H4]. 
N(CH3)30H), the amount being apparently of about the same order as that 
of the glycerides themselves. 1® In contrast to the glycerides associated 
with the growing plant, fats are also accumulated as reserve material in the 
maturing fruit and, in a few cases, in rhizomes or tubers. When they are 
deposited in this manner, they subsequently serve as a source of nutrition 
for the germinating seed (or, in the case of rhizome fats, during the com- 
mencing stages of growrth in the following season). Very frequently fatty 
material forms a large part (25—50 per cent., or more) of the reserve material 
in the seed itself and, most often, reserve fat is practically wholly glyceride 
and is not accompanied by any appreciable proportion of phosphatidic 
compounds. 

* R == fatty acyl radical ; M == metallic component (calcium, or, sometimes, 
magnesium). 
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It is a natural consequence of the relative abundance of glycerides in 
fruit, and especially in seed, fats that our knowledge of their components is 
at present much more complete than in the case of leaf and similar fats. 
Seed fats can often be isolated in a pure condition, accompanied by only a 
few per cent, at most of non-glyceridic compounds ; but in the leaf, for 
example, the glycerides may amount to little more than i per cent, or so of 
the dry weight, and their isolation and separation from ether-soluble plant 
pigments, as well as from the phosphatides which are also present, is a matter 
of great difficulty, especially if a sufficient amount of the glycerides for a 
complete examination is to be accumulated. To the plant physiologist and 
others interested in the chemical changes connected with the living plant 
ceE the scarcity of data wdth reference to leaf and similar fats is unfortunate. 
On the other hand, the more extensive figures available for many fruit fats 
are of use not only to the biochemist but also to the technologist, since many 
seed fats are, of course, employed in the edible fat, soap, paint, and other 
industries. 

Although, owing to the circumstances described in the preceding para- 
graph, it is not possible to present a properly balanced and comprehensive 
account of the component fatty acids of glycerides from all parts of plants, 
an attempt will be made to indicate the available data for each class (leaf, 
stem, root, fruit-coat, seed). The seed fats, in particular, will be discussed 
in groups, the classification depending upon the acids which are most pro- 
minent in each fat — ^the major component acids {cf. Chapter I, p. 8) . 
Each group will therefore be prefaced by a sub-heading which indicates 
clearly both the chief major and minor component acids characteristic of 
the fats under consideration. 

A word may be added here with reference to the method which has been 
followed as regards utilisation of some of the older published data on the 
quantitative composition of mixed fatty acids from vegj^table fats. Wherever 
possible, preference is given, in the succeeding tables, to analyses made, 
wholly or in part, by the more modem ester-fractionation process (denoted 
in the column " Method by F). Many of the earlier data, especially when 
a fat contains only palmitic, stearic, oleic, and linoleic acids, are, however, 
probably well-founded (although some, unfortunately, are not so). The 
original literature has therefore been consulted in all possible cases and the 
methods employed by the investigators scrutinised ; when the latter have 
appeared trustworthy and the whole determination has been made on a 
quantitative basis the results have frequently been utilised in the tables 
which follow. In this way the extent of the information given on vegetable 
fat component acids has been amplified beyond that available from the 
modem analyses alone ; but, whilst care has been taken as far as possible 
to avoid inclusion of uncertain figures, it should be remembered that, in 
general, results obtained by methods not including separation by fractional 
distillation should be regarded as less certain than those in which ester- 
fractionatioh (F) has been employed. 

The procedures (other than ester-fractionation) employed in individual 
cases are indicated as foEows in the tables : 

E. Separation of saturated acids by the lead salt-ether (Gusserow-Varren- 
trapp) or the lead salt-alcohol (Twitcheil) processes or variants thereof ; or, in a 
few cases, by other metallic salts. 

B. Estimation of saturated acids by the Bertram oxidation method. 
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H- Estimation of linolenic and linoleic acids by isolation and analysis of 
bromo-addition products C* hexabromides " in the case of linolenic acid), 

K. Estimation of linolenic, linoleic, and oleic acids by the Kaufmann thio- 
cyanogen method. 

For uniformity and ease of comparison, the data quoted in this chapter 
from the literature have, as a general rule, been transformed into per- 
centages of the total fatty acids, in cases in which they were not originally 
published in this form {cf. Chapter I, p. 4, footnote). 

Leaf Fats 

Major component acids : LINOLEIC, LINOLENIC, (OLEIC, PALMITIC). 

Minor component acids : Stearic, cerotic. 

One of the more important attempts so far made to obtain quantitative 
information of the fatty acids of leaf glycerides is the work of Smith and 
Chibnall on two grasses, cocksfoot {Dactylis glomerata) and perennial 
ryegrass {Lolium perenne) ; glycerides were present in these to the respective 
extents of 2*2 per cent, and 1-7 per cent, of the dry weights. The saturated 
acids (which consisted of a mixture of approximately 70 per cent, palmitic, 
20 per cent, stearic, and 10 per cent. “ cerotic acids, the latter possibly 
emanating from small amounts of entrained grass waxes) were estimated by 
the Bertram oxidation and the Twitchell lead-salt processes, the latter giving 
lower results than the former. The mixed unsaturated acids were studied 
by the thiocyanogen method, accompanied by examination of the products 
of bromination and mild oxidation. The authors doubt the applicability 
of the thiocyanogen method to the unsaturated grass acids in view of their 
failure to identify any oleic acid in the form of either of the corresponding 
dihydroxy stearic acids, and are inclined to believe that oleic acid is not 
present. It may be pointed out, however, that the detection of dihydroxy- 
stearic acid in the oxidation products of a mixture of oleic, linoleic, and 
linolenic acids containing relatively little oleic acid is extremely difficult. 

The figures, which indicate that linoleic and linolenic are the main 
component acids, and that palmitic acid forms about 10 per cent- of the 
mixed fatty acids in these two grass fats, are as follows : 

Component Fatty Acids (Per Cent.) Method 
Saturated 

Dactylis glomerata Cocksfoot.. 

Lolium perenne Perennial /1 6*8 

lyegrass .. 

Loss of 17 per cent, in the initial fractionation into saturated and unsaturated 

acids.” 

The only other leaf fats available for reference are single species from each 
of the families Cruciferae, Labiatfe, and Chenopodiacese. > . 

In the course of a study of cabbage {Brassica oleracea) leaf cytoplasm, 
Chibnall and Channon found that abou% 3:*7 per cent, of the leaf solids 
consisted of ether-soluble material, and showed that the glycerides present 
contained about 10 per cent, of saturated atdds (about 70 per cent, of which 
palmitic acid). The unsaturated a^dkls contained much linoleic and a 
fair amount of linolenic acid ; oleic acid was not identified and, if present, 
was evidently a minor component. 


Oleic 

Linoleic 

Linolenic 


8*9 

29*8 

29*5* 

B, K 

16-5 

30*9 

42*0 

L,K 

17*6 

21*2 

44.4 

B,K 

22*5 

26*1 

39*5 

L,K 



COMPONENT ACIDS OF LEAF AND BARK FATS 

The dried leaves of peppermint {Mentha aquatica, Labiatse) were found 
by Gordon to contain nearly 5 per cent, of their weight of fatty components 
(as acids). A certain amount of volatile acids of low molecular weight is 
included in these, but the chief members present were palmitic, oleic, 
linoleic, and linolenic acids. Alkaline permanganate oxidation of the 
unsaturated acids yielded 2, parts of dihydroxystearic acid (m.p. 137°), 
4 parts of tetrahydroxysteaiic acid (m.p. 173°), and i part of hexahydroxy- 
stearic acid (m.p. 202°), so that linoleic and oleic acids were present in 
quantity ; although precise figures are not given, it would appear that the 
proportion of saturated to unsaturated acids was much greater than in the 
other leaf fats now under discussion. 

Spinach leaves (from Spinacea oleracea^ Chenopodiaceae) have been 
similarly studied by Speer, Wise, Hart, and Heyl,22 who obtained 260 grams 
of fatty acids from the neutral fat in 68 kilograms of dried leaves, or 0*4 per 
cent. The unsaturated acids were made up of about 30 per cent, oleic, 
50 per cent, linoleic and 20 per cent, linolenic acids, and there was a small 
amoimt of saturated acids (palmitic and stearic, with small amounts of 
cerotic) . 

The scanty evidence thus available may be summed up in the statement 
that the leaf fats (from four very diverse families) so far examined show 
considerable similarity in their component acids. The latter consist mainly 
of the C18 unsaturated group, in which linoleic and linolenic (or, perhaps it 
is safer to say, octadecadienoic and octadecatrienoic) acids predominate ; 
oleic acid is reported definitely in peppermint and spinach leaf fat, but is 
present, if at all, in minor amounts in the other cases. The saturated 
members, which appear usually to form only about 10 per cent, of the whole, 
consist mainly of palmitic acid, with smaller amounts of stearic and (some- 
times) cerotic acid, the latter probably emanating from small proportions of 
leaf waxes. 


Bark Fats 

Major component acids : OLEIC, LINOLEIC, (PALMITIC). 

Minor component acids : Linolenic, stearic. 

The component fatty acids of fat from the bark of trees or shrubs have 
been investigated in some detail in a few instances ; in most the main com- 
ponent appears to be oleic acid, but in one case, saturated (palmitic and 
stearic) acids form over one-third of the whole, whilst in others they are 
almost negligible. 

The bark of Tilia cor data (basswood, Tiliacese) was found by Pieraerts ^3 
to contain 2*3 per cent, of fat. The component acids of the latter (in which 
7 per cent, of unsaponifiable matter was present) were mainly oleic (94 per 
cent.), with a little linoleic (4 per cent.) and palmitic or stearic (2 per cent.) 
acids. - 

Ruchkin 24 examined fat from the bark of the sea buckthorn {Hippophae 
Rhamnoides, Elaeagnaceae) , in which it was present to the extent of 3 per cent., 
and reported that it contained 37*4 l>er cent, of saturated (palmitic and 
stearic) acids and 62^6 per cent, of unsaturated (oleic) acid. 

Dieterle and Domer 25 have reported that the bark fat of the hawthorn 
{CratcBgus oxyacantha, Rosaceae) also contains oleic, palmitic, stearic, and 
myristic amongst the higher fatty acids. 

Ill 
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Reference is also due, whilst discussing bark and stem fats, to the 
industrial product known as '' taUoel/' a dark-coloured liquid resinous 
product obtained to some extent as a by-product in the manufacture of rosin, 
but mainly from the '' black liquor produced as a residue in the manufac- 
ture of paper from wood pulp. This material, representing some of the fats 
present in the spruce or other coniferous wood employed in the paper 
industry, is said to have a possible annual production in the United States of 
150,000-200,000 tons . 26 According to Becher 27 a good crude talloel may 
consist of about 60 per cent, of fatty acids and about 30 per cent, of rosin 
acids, whilst commercial distilled talloels may contain about 85 per cent, of 
fatty acids and 12 per cent, of rosin acids. Niesen 28 has recorded a talloel 
with 33 per cent, rosin acids and 67 per cent, fatty acids, the composition 
of the latter being given as oleic 15, linoleic 79, and linolenic acid 6 per cent. 


Root Fats 

M^ajor component acids : OLEIC, PALMITIC, (LINOLEIC) - 

Minor component acids : Stearic, araehidic, etc. 

The most conspicuous example of a fatty oil derived from the roots of a 
plant is probably sedge (or chufa) oil, which forms 20-30 per cent, of the 
substance of the small tubers of the tropical sedge {Cyperus esculentus, 
Cyperacese). This oil has been examined by the modern methods by 
Baughman and Jamieson, 20 who fotmd that the component fatty acids were 
m3uistic (traces), palmitic (12*2), stearic (5*4)^ araehidic (0*5), lignOceiic 
(0-3), oleic (75*5), and linoleic (6*i per cent.) ; Pieraerts 30 has also reported 
that oleic acid forms 80 per cent, of the mixed acids, but states that the 
remaining 20 per cent, is chiefly myristic, with a little palmitic, acid. 
Josephs 21 found 14*4 per cent, of oil in chufa tubers, the component acids 
being saturated (17*6), oleic (67-2), and linoleic (15*2 per cent.). 

The component acids of poke root oil, from Phytolacca americana (Phyto- 
laccaceae) are, according to an analysis by Goldstein and Jenkins, 32 somewhat 
as follows : palmitic ii, stearic 2, araehidic 6, and oleic about 80 per cent. 

Mangel roots rapa vulgaris, Chenopodiacese) , according to Neville,33 

contain about 7 per cent, of fatty oil, the component acids of which consist 
of oleic 57, palmitic 14, and emcic 29 per cent. ; whilst senega root (Poly gala 
senega, Polygalaceae) was observed by Schroder 34= to contain 5—9 per cent, 
of oil, the acids of which were oleic (ca. 90 per cent.) and palmitic (ca. 10 per 
cent.). An oil from the tubers of the Japanese Pinellia tuherijera (Aracese) 
seems, according to N.akayama,35 to be very similar in composition to senega 
root oil. 

With the exception of the reported presence of 30 per cent, of erucic acid 
in the oil of mangels,^ it will be observed that all five root oils contain, 
roughly speaking, a mixture of fatty acids made up of about 80—90 per cent, 
of unsaturated (oleic) and 10—20 per cent, of saturated (mainly palmitic) 
acids. 

It should be noted that, up to the present (with the one exception just 
noted), the only major components of fatty oils from leaves, stems, and roots 
of plants, or from fungi, have been found to be oleic and palmitic acids, with 
linoleic (and linolenic) aedds in addition to, or perhaps even replacing, oleic 
acid in leaf fats. 



COMPONENT ACIDS OF FRUIT FATS 

Fruit Fats 


It has already been said that far more information is available with 
reference to the component acids of fruit fats than is the case in those of fats 
from the rest of the organs of plants. In classifying this mass of data it will 
be useful to consider first the many cases in which the major components 
are practically confined (as in leaf, stem, and root fats) to oleic, linoleic, and 
palmitic acids. This will lead us, in the first place, to the category of fruit- 
coat fats, which appear to be made up almost exclusively of these acids, 
although in quite a number of cases the proportion of linoleic acid is not 
great, and in some cases subordinate amounts of stearic acid are found. 
Then, in the seed fats, it wiU be convenient first to deal with the numerous 
and important groups in which, again, only these acids occur as major 
components. 

It may not be out of place here to describe very briefly the various 
formations which are met with in difierent fruits. In the flower the ovary 
is attached to the extremity of the stalk (peduncle) bearing the flower. 
This apex, termed the receptacle, may be extremely small, but is often more 
or less elongated, thickened or otheiwise enlarged ; it may be connected 
with the ovary as indicated in Fig. i (a), when the ovary is said to be superior 
or free, or it may partially surround the ovary in such a way that it adheres 




Receptacfe 


(€0 

Fig. 1. 

to it above the level of the insertion of the lowest ovule, in which case the 
ovary is described as inferior or adherent (Fig. x {h)). Figs, i {a) and i (^) 
actually refer to the development of the fiuit after fertilisation has taken 
place. In flowers with a superior ovary the fruit itself is seen distinct from 
the receptacle and consists essentially of a fruit-wall or pericarp enclosing 
the seed. 

The seed consists of the emhryo or germ which may either fill or almost 
fill the seed cavity or be set in a mass of reserve food tissue termed the 
endosperm or " albumen ** ; the food reserves in the endosperm include 
carbohydrates, proteins, and fats in varying proportions. If, during develop- 
ment of the seed, the embryo grows so as to absorb all the endosperm (the 
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matiire seed then being termed non~endospermic or exalbuminous), the food 
reserves axe then in the embryo which in this case makes close contact with 
the testa or seed coat. The testa or outer covering of the seed may be a 
thin skin or it may be hard and woody. 

Seed fats, as discussed in this book, are fats present in the endosperm or 
embryo of the seed. In a few cases reference wiU also be made to fats present 
in the seed covering and these will be termed testa fats. 

The seed is connected to the inner side of the pericarp (originally the 
placenta of the ovary) by a short stalk or funicle, which sometimes (e.g. in 
the mace of Myristica species) carries a fleshy appendage termed an arillus, 
which may contain fat. 

Returning now to the fruit-wall or pericarp, we And in the first place that 
this, the developed ovary enclosing the ripened seed, may also often be 
divided into three zones : (i) an exterior, relatively hard, skin or rind 

{epicarp) enclosing (ii) a more or less fleshy or pulpy substance {mesocarp) 
whilst in some cases there is, between the latter and the seed or seeds, (iii) a 
thin inner skin known as the endocarp. 

Except in the class of Gymnosperms (e.g. the Coniferse), in which the 
seeds are naked and without any real pericarp, this fruit-wall system is 
present whether the ovary is superior or inferior ; but in the latter case 
(Fig. I (^) the receptacle frequently, in the mature fruit, acquires some or most 
of the characteristics of the pericarp. The outer limits of the pericarp and 
the inner zones of the receptacle may lose their identity or become fused to 
a large degree ; or the ripened receptacle may become fleshy whilst the 
pericarp, or the inner part thereof, becomes hard and woddy. 

Fats are found indifferently in either type of Angiosperm fruit, that is, 
in true pericarp, receptacle, or in pericarp and receptacle. Often these have 
been indiscriminately termed pericarp fats but, for purposes of con- 
venience in these pages, the term fruit-coat fat ** will be employed to denote 
fats from parts of a fruit other than the seed {embryo, endosperm, or testa). 
Fruit-coat fats, thus defined, may be found, in different instances, either 
exclusively in the pericarp or in the receptacle, or in both of these, or 
occasionally, in arils attached to the funicle. 


Fruit-coat Fats 

Major component acids: PALMITIC, OLEIC, LINOLEIC. 

Minor component acids: Myristic, stearic, (Imolenic). 

The fleshy or succulent part of many fruits contains more or less fatty oil. 
In some cases the proportion of fat is considerable and the fruits have 
become, in consequence, sources of edible oils or of raw material for the 
fat industries ; the most familiar examples are probably olive oil and the 
red palm oil of Elceis guineensis. 

Quite a number of determinations of the component acids of fruit-coat 
fats have been made within recent years, mostly by the ester-fractionation 
method, of which many deal with different varieties of one oil (palm or 
olive). All the available figures, it is believed, will be found in Table 47 ; 
the data are arranged approximately in descending order of the contents of 
palmitic add. 

In the cases of the Palmae, Myxisticaceae, and Lauraceae (as will be seen 
later, pp. i6c^z66) the specific composition of the seed fats is such (owing to 
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the small proportion of oleic acid and the large proportions of acids (lauric, 
m57ristic) of only medium molecular weight) that the simple saponification 
and iodine values of the fats are quite different from those of the fniit-coat 
fats included in Table 47 (pp. 116, 117). This may be illustrated by the 
respective values for the fruit-coat and seed fats of the West African oil 
palm {Elcais guineensis) : 

Saponiucation Iodine Value 
Value 

Palm oil (fruit-coat) 198-205 52—58 

Palm kernel oil (seed) 243—250 15—20 

Some evidence for other fruit-coat fats of a number of members of the 
palm family, and for the aiillus fats of two species of Myristica, may there- 
fore be derived from a comparison of their saponification and iodine values. 
These additional data are given in Table 47 A. 

TABLE 47a. SAPONIFICATION AND IODINE VALUES OF SOME 
FRUIT-COAT FATS FOR WHICH DETAILED DATA ARE LACKING 





Sap. Value 

Iodine 

Value 

PALM/E 

Acrocomia sclerocarpa 

Gru-gru 

West Indies, South 
America 

190 

77 

Astrocaryum aculeatum Aouara, Tucum 

South America 

220 

46*" 

syn. vulgare. 

Astrocaryum Jauari 

Awarra 

Brazil 

196 

68 »» 

„ segrega- 


Guiana 

197 

70 

turn. . 

„ Tucuma 

Tucuma 

West Indies, Central 
America 

202 

40 

Attalea cohune 

Cohune 

Honduras 

197-203 

65-75 

Elceis melanococca 

Cayau, Noli palm Central and South 
America 

197-199 

78-88 »» 

Jessenia polycarpa 


Brazil, Columbia 

190 

74 »* 

Maximiliana regia 

Cokerite palm 

Brazil, Guiana 

207-211 

51-56 »• 

CEnocarpus distichus 

Batava palm 

Central and South 
America 

209 

55 

Oreodoxa regia 


Central America 

192 

75 

Raphia ruffia 


Madagascar 

197 

7 42 

MYRISTICACE^ 

Myristica fragrans 
,, malabarica 


East Indies 

170-173 

189-191 

78-80 *3 

51-53 

The material in Tables 47 and 47 A invites comment from 

several 

aspects. In the first place, the general characteristics of all the fruit-coat 


fats are the same : the main components are palmitic and oleic acids, the 
former reaching 70 per cent, or more of the whole in Rhus and Stillingia 
fruit-coat fats, about 40 per cent, in palm oil, and falling to somewhat less 
than 10 per cent, in other cases, whilst oleic acid varies from negligible 
proportions in the m5ntle and Rhus “ waxes to 40—50 per cent, in palm 
oils and 75—80 per cent, in the more liquid oils such as olive or elderberry. 
With the exception of linpleic acid, other component acids rarely form more 
than 2—5 per cent, of the mixed acids. 

The only exceptions to the last statement are the fruit-coat fats of 
Myrica mexicana and of some I^uraceae fruits. In the Myrica fruit-coat 
fat myxistic acid (61 per cent.) is the major component (with 37*5 per cent, 
palmitic acid) ; earlier workers®® have described this fat as consisting 
almost entirely of tripalmitin, but the detailed figures quoted are from an 



Major compoflent acids; PALMITIC, OLEIC, LINOLEIC. 

Minor component acids: Myristic, stearic, (linolenic). 

Habitat Component FatTY AciDS PER CENT. (WT.) METHOD OBSERVERS 

Saturated Unsatorated 
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exceptionally reliable and recent source, and it may be, therefore, that the 
myrtle pulp fat is a partial exception to a more generally followed rule. 

The seed fats of some members of the Lauracese contain exceedingly high 
proportions of lauric acid (90 per cent, or more, cf. p. 160), and, from the 
few analyses available it seems that in these plants the fruit-coat fats also 
contain a certain amount of combined lauric acid. The amounts are, how- 
ever, small in comparison with those in the corresponding seed fats, and, 
moreover, palmitic acid is usually present in considerably larger quantities 
than lauric acid in these fruit-coat fats, whilst oleic acid (a very minor com- 
ponent of the seed fats) forms 50 per cent, or more of the fruit-coat fatty 
acids. 

In the next place, it is fortunate that, although the data only cover 
members of eleven botanical families, the seed fats of the latter are so diverse 
in composition that we are presented with a very striking series of fruit- 
coat fats qualitatively similar in component acids, coupled with corre- 
sponding seed fats ranging from almost saturated to extremely unsaturated, 
and containing a wide variety of saturated fatty acids. This is clearly 
illustrated by the summary in Table 48. 

We shall find, when discussing the component acids of seed fats, that a 
wide vaHety of fatty acids enters into their composition, but that the mixture 
found within the limits of any given botanical family is nearly always 
qualitatively, and to some extent quantitatively, the same. Thus the 
propKjrtions and kinds of fatty acids present in palm kernel oil are closely 
simulated in the other Palmse seed fats {Areca catechu, Astrocaryum species, 
Aitalea species. Cocos nucifera, etc.) which have been submitted to detailed 
analysis and, again, the saponification and iodine values of other Palmae 
seed fats indicate similar agreement in their component fatty acids with the 
foregoing, as will be seen from Table 48A. 


Acrocorma sclerocarpa 
Astrocaryum acuJeatum 
„ Jauari 

„ segregatum 

„ Tucuma 

Attain cohune 
Elceis rnelctnocacca 
hiaxiimluma regia 


TABLE 48a 


Seed Fat 


Saponifi- 


cation 

Iodine 

Value 

Value 

237-255 

16-30 

240-249 

10-14 

242 

13-15 

238 

17 

250 

9 

252-256 

11-13 

■ 234 

27-28 

240-253 

7-16 


Fruit-coat Fat 


Saponifi- 


cation 

Iodine 

Value 

Value 

190 

77 

220 

46 

196 

68 

197 

70 

202 

40 

197-203 

65-75 

197-199 

78-88 

207-211 

51-56 


Thus, whilst seed fats of the Palmae, Myristicaceae, and Lauraceae usually 
contain very large amounts of lauric and/or myristic acids, their fruit-coat 
fats are mainly made up of palmitic, oleic, and linoleic acids in varying 
proportions. 

There is therefore no apparent connection between the general nature of 
the component acids of fruit-coat and seed fats. Sometimes, as in the fruits 
of the oUve, piqui-a, or cacao plants, the seed fat is closely similar to the 
frmt-coat fat, but this seems to be rather exceptional and perhaps fortuitous. 
A fruit-coat fat of comparatf^^y high melting point (i.e. relatively rich in 
combined palmitic acid) may b^ lafesociated with a highly unsaturated liquid 



TABLE 48, CONTRASTS IN COMPOSITION OF FRUIT-COAT AND SEED FATS FROM THE SAME FRUIT 
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(1, MYRISHCACE^ Myristica — ? ca. 80 ?. — 10 10 — 77 per cent. 

officinalis myristic. 

♦ Also 17 per cent, linolenic acid. t Syn. Sapium sebiferm. | Total saturated acids (palmitic and stearic). 
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seed fat (StilUngia) or an almost saturated solid fat (Palmae) ; Hquid non- 
drying oil) fruit-coat fats, equally, are found in instances where the seed 
fats are soft solids and their component acids mainly saturated (Lauraceae, 
Myristicace^), or where the seed fats are drying oils (elderberry, buck- 
thorn) ; and so on. It is becoming fairly clear, however, that, whereas seed 
fats contain a wide range of specific component adds according to their 
botanical origin, fruit-coat fats almost invariably include only palmitic and 
oleic, with occasionally linoleic, amongst their major component acids. 

It will be observed that, in spite of the general constancy in the qualitative 
nature of their components, fruit-coat fats vary almost as widely as seed fats 
in their physical properties. Whereas, however, relatively high melting 
point in a seed fat is almost always due to the presence in quantity of 
saturated acids other than palmitic acid, the different consistencies of 
fruit-coat fats at the ordinaiy temperature are solely controlled in all the 
foregoing instances by variation in the respective proportions of palmitic 
and oleic (with linoleic) acids. The physical properties of either fruit-coat 
or seed fats are, of course, in a sense accidental, in that they are determined 
by the component fatty acids and glyceride structure ; the causes which in 
turn determine the kind and amount of the various acids and their combina- 
tion into natural glycerides of specific structure remain unknown. 

The data in Table 47 allow us, in the cases of olive and palm oils (and 
possibly Stillingia tallow), to examine to some extent the degree of constancy 
of composition of oils of a given species. 

The palm oils offer the best scope for comparison, in view of the number 
of specimens examined, and here a minor, but quite definite, variation in 
the proportion of palmitic acid is to. be connected with the locality in which 
the oil palm is grown. Roughly speaking, the oils gathered from palms 
grown east of about longitude 4-6® W'. (i.e. from the Ivory and Gold Coasts 
eastwards) all contain about 40 per cent, of palmitic, about 43—44 per cent, 
of oleic, and about 9—10 per cent, of linoleic acid ; but as the oils are derived 
from more westerly parts of the coast (Liberia and Sierra Leone) another 
type is met with, characterised by a lower content of palmitic acid (about 
35 per cent.) and correspondingly higher oleic acid (about 50 per cent.). 
The cause of this variation is unknown ; it was first remarked in 1928 by 
Dyke,®^ who pointed out that the setting point of the mixed fatty acids of 
the oils from the more westerly regions was slightly lower (ca. 41° C.) than 
that (ca. 44° C.) of Gold Coast or Nigerian oils. The geographical difference 
is one of longitude, not latitude, and it seems unlikely that climatic variations 
will come into consideration ; there might be differences in the soil or, per- 
haps more probably, the oil palm in the western districts may be a different 
variety from that indigenous to the Gold Coast and the Niger. 

The plantation oils from the Belgian Congo, Malaya, and Sumatra all 
show close similarity between themselves and also with the native oils of 
the Gold Coast and Niger regions ; this is probably in consequence of seed 
having been originally drawn from the variety indigenous to one or other of 
these districts. 

The olive oils appear to fall into two groups. All but those from the 
Mediterranean Islands and from Tunis agree closely in containing about 
9—10 per cent, palmitic acid, about a per cent, of stearic acid, and not more 
than about 7 per cent, of linoleic acid. These oils, from Italy, Spain, 
Palestine, and Cahfomia, are so similar in composition that, for the acids 
mentioned, the variations axe almost within the experimental error of the 
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ester-fractionation method ; the oleic acid content lies between the extremes 
of 78 and 86 per cent. The Mediterranean Island oils examined by 
Brandonisio and the Tunisian oil analysed by Jamieson and Baughman,39 
on the other hand, show oleic acid contents of 70 per cent, or slightly 
less, with xo— 13 per cent, of linoleic acid and 15 per cent, or more of palmitic 
acid ; the palmitic acid figures given by Brandonisio (i7--i9*7 per cent.) 
are exceptionally high. The latter author suggests that, contrary to what 
is often observed in seed fats, the olive fruit-coat oils contain more 
linoleic acid when grown in warmer climates. The division of the olive 
^ oils, by their fatty acid compositions, into these two well defined groups 
suggests, however, that the difference may be due to a difference in species or 
variety of the olive tree, rather than to climatic or geographical influences. 

Finally, it may be pointed out that the fruit-coat fat of sumach {Rhus sp.) 
berries, commonly known as '' Japan wax,'^ is unusual not only in its 
extremely high content of palmitic glycerides but also because it contains up 
to 6 per cent, of saturated dibasic acids, first reported by Eberhardt ^0 as 
Ci 8 H 36 (C 02 H )2 and later by Geitel and van der Want as '' Japanic acid,'" 
C2oIi4o(C02H)2. In 1931 Tsujimoto showed that the dibasic acids were 
a mixture of at least two homologues, C2iH42(C02H)2, m.p. X23‘5®, and 
C2 oH4o(C 02H)2. The presence of these acids (which, incidentally, belong 
to the normal series COOH . [CH2]„.COOH) is held to confer on '' Japan 
wax its characteristic properties of toughness and ability to be kneaded 
without crumbling. 


Seed Fats 

A very large number of seed fats contain, as major component acids, 
only those — ^palmitic, oleic, linoleic, and sometimes linolenic — ^which have 
been found to characterise fats from parts of plants other than the seed. 
Many others, again, in addition to one or more of the acids mentioned, have 
as major components one or more distinctive acids, either saturated or 
unsaturated. It is therefore possible to group most seed fats according to 
their predominating component acids, although in a minority of instances 
this method of grouping at present becomes somewhat ill-defined, for 
example, in consequence of more than one of the more usual mixtures 
of major components occurring in the same seed fats (those of the Leguminosse 
family, pp. X52, X53, form a well-marked case in point) . As already mentioned 
in Chapter I (p. X3), grouping of seed fats according to their chief component 
acids leads at once to the circumstance that seed fats of plants in the same 
botanical family usually fall in the same group, and often show great 
similarity in their composition. 

It should be clearly understood, however, that the grouping of seed fats 
adopted in this book is ^rifruarily based upon similarities in, their major 
component acids. When, however, some irregularity in fatty acid composi- 
tion interferes with this mode of classification, it is usually discernible that 
here also the specific variations in any given instance are again in seed fats 
of a particular botanical family ; in such cases it is for the time being 
convenient to adopt a secondary classification subordinate to the main 
grouping, and to consider the seed fats of the plant families concerned in these 
instances. 

The seed fats in which only palmitic, oleic, linoleic, and/or linolenic 
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acids are major components wiU be discussed first of all. These may be 
subdivided into the following groups : 

I. Those in which linoleic and linolenic acids predominate. 

II. ,, ,, ,, oleic and linoleic ,, ,, 

III. ,, „ ,, oleic and palmitic ,, 

Groups I, II, and III, of course, correspond approximately with the 
empirical divisions of “ drying,'' semi-drying," and " non-drjdng " oils 
and, indeed, most of the more familiar of these oils will be found in these 
three groups. 

There are a number of fats, however, in which linoleic acid is prominent, 
which also contain specific saturated acids, and there are others in which 
linoleic acid or linolenic acid is abundant in the seed fat of one species, whilst 
in another related species a quite different unsaturated acid replaces these 
almost entirely. The most familiar examples of the latter are : (i) the 

prominence of elaeostearic glycerides in the seeds of Aleurites For Mi and 
montana, whilst in other species of Aleurites polyethenoid unsaturation is 
confined to linoleic and linolenic glycerides ; and (ii) the abundance of 
ricinoleic glycerides in the seeds of Ficinus species. Such cases are therefore 
classified separately, as a sub-group to I and II (above), according to the 
plant families concerned (Euphorbiaceae, Rosaceae, Cucurbitaceae) . The 
other type, in which specific saturated acids (other than palmitic) are a 
feature of the seed fats, are grouped primarily with reference to their specific 
saturated acids, irrespective of whether linoleic acid is also a major com- 
ponent. Similarly, the occurrence of specific unsaturated acids, such as 
erucic, petroselinic, chaulmoogric, and hydnocarpic, has been dealt with by 
separating into corresponding groups the seed fats in which they occur as 
major components of the mixed glycerides. 

GENERAL CLASSIFICATION OF SEED FATS ACCORDING TO THEIR 
MAJOR COMPONENT ACIDS 

Table Major Component Acids Botanical Families Represented 

49 Linoleic, linolenic, (oleic) Coniferae : Juglandaceae, Moraceae, Celastraceae, 

Labiatae, Passifloraceae, Valerianaceae, CEnother- 
aceae, Linaceae, Rhamnaceae, Elaeagnaceae. 

50 Linoleic, oleic Betulaceae, Fagaceae . Urticaceae, Olacaceae, Menisper- 

maceae, Papaveraceae, Rutaceae, Staphyleaceae, 
Hippocaistanaceae, Vitaceae, Theaceae, Myrtaceae, 
Oleaceae, Asclepiadaceae, Pedaliaceae . Scrophul- 
ariaceae, Acanthaceae, Plantaginaceae, Uipsaceae, 
Compositae. 

51 Linoleic, oleic, or Unolenic, Rosaceae, Euphorbiaceae, Cucurbitaceae. 

or elaeosteariCj licainic; or 
ricmoleic. 

52 Palmitic, oleic, linoleic Berberidaceae, Magnoliaceae, Anonaceas, Rutaceae, 

Burseraceae, Anacardiaceae, Tiliaceae, Malvaceae, 

Bombacaceae, Caryocaraceae, Caricaceae, Lecy- 
thidaceae, Combretaceae, Apocynaceae, Solanaceae, 
Acanthaceae, Rubiaceae, Caprifoliaceae. 

53 „ ,, „ Gramineae. 

54 Petros^inic, oleic, linoleic UmbeUiferae, Araliaceae. 

Acet^enic adds; 

Tariric ( sp.). 

Octadecen-inoic ^ Olacaceae {Ongokea sp.). 

55 Cydic unsaturated acids Flacourtiaceae. 

(diaulmoogric, hydnocar- 
pic, goiiic). 

Eicosenoic, (oleic, linoleic) Olacaceae {Ximenia sp.); Sapindaceae; Buxaceae 

iSimmondsia sp.). 
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Table Major Component Acms 

56 Enicic, oleic, linoleic 

57 Oleic, linoleic, arachidic, 

lignoceric, 

58 Stearic, palmitic, oleic 


59a Laurie, myristic, (palmitic) 

59b Laurie, myristic, (palmitic) 
Capric, lauric. 


Botanical Families Represented 
Cruciferae, Tropaeolaceae. 

Sapindaceae, Leguminosae. 

Meliaceas, Sterculiaceae, Guttiferae, Dipterocarpaceae, 
Burseraceae, Sapotaceae, Convolvulaceae, Ver- 
benaceae. 

Laurace®, Myristicaceae, Simarubaceae, Vochysiace®, 
Salvadoraceae. 

Palmae. 

Ulmaceae. 


SEED FATS WITH PALMITIC, OLEIC, LINOLEIC AND/OR 
LINOLENIC ACIDS AS MAJOR COMPONENTS 

I AND II. SEED FATS IN WHICH LINOLEIC (WITH 
LINOLENIC AND/OR OLEIC) ACID PREDOMINATES 

Major component acids: LINOLEIC, LINOLENIC, OLEIC. 

Minor component acids : Palmitic, (stearic). 

Tables 49 (pp. 124, 125) and 50 (pp. 126-128) give practically all the 
detailed figures which have been published for seed fats in which linoleic, 
linolenic, and oleic acids are the most important constituents. These groups, 
in spite of the small number of fatty acids concerned, were not easy from 
the point of view of analysis until a satisfactory method had been devised 
for the determination of oleic, linoleic, and linolenic acids in presence of 
each other. The ester-fractionation method does not help, of course, in 
this respect. Most of the figures quoted are based either upon analyses of 
the unsaturated acid fraction (obtained by a lead salt separation) by means 
of the bromo-addition products (hexabromo- and tetrabromo-stearic acids), 
or upon a combination of the Bertram oxidation process (for the total 
saturated acids) with the Kaufmann thiocyanogen method for estimating 
the three unsaturated acids ; but in a number of instances examination of 
the bromo-addition products of the unsaturated acids has been combined 
with fractionation of the esters of the saturated acids. 

It should be understood that data obtained with the aid of thiocyanogen 
values are likely to be the more reliable. Those based upon determinations of 
insoluble forms of tetra- or hexa-bromostearic acids almost certainly record 
considerably less- than the amount of linoleic or Hnolenic acid actually present. 

There is, perhaps, no very sharp line to be drawn, as regards component 
fatty acids, between the seed fats in Table 49 and those in Table 50, but it is 
convenient to subdivide them roughly into those in which linolepic acid is 
prominent and those in which it is not. It will be noticed that in both groups 
the fats are derived from the seeds of (i) large trees (conifers, beech, walnut, 
etc.), (ii) shrubs, and (iii) herbs of various families (e.g. Labiatse, Com- 
positae, etc.) . 

The seeds of the larger trees of temperate climates apparently usually 
contain fatty oils of a " drying nature. In both groups (Tables 49 and 50) 
the saturated acids usually amount to no more than about 10 per cent, of 
the whole, and consist mainly (generally to the extent of about 70 per cent.) 
of palmitic acid. Stearic acid is also present in most instances, but only to 
the extent of about 1—4 per cent, of the total acids. 

The coniferous seeds shown in Table 49 sometimes contain fairly large 
amounts of linolenic acid, but in other cases this acid is absent or only 
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TABLE 50. COMWNENT ACIDS (WTS. PER CENT,) OF SEED FATS-continued 

Habitat Component Fatty Acids Per Cent. (Wt.) Method Observers 

Palmitic Stearic Oleic Linoleic Linolenic 
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COMPONENT ACIDS OF SEED FATS 

present in small quantity ; linoleic acid nearly always forms 50 per cent, or 
more of the total acids. The figures for the five Pinus species conform with 
the view that varieties indigenous to cool climates produce a more unsaturated 
t3q>e of seed fat, and vice versa. 

Seeds of the walnut and beech families, according to the data here pre- 
sented, are less unsaturated in general than those of conifers ; indeed, 
hickory nut oil is practically of the " non-dr37ing '' olive type. It would be 
veiy interesting to have a much more complete set of data on the seed fats 
of the larger trees, and such a list is indeed essential before any adequate 
generalisation can be put forward ; the vague general characteristics which 
have been given for seed oils of the ash, hazel, and a few other trees suggest 
that most of them are of the same simple t3q>e as those included in these 
tables, but that the state of unsaturation varies from predominajUtly oleic 
to high linoleic (and possibly linolenic) content in different cases. 

One striking exception to the general observation that closely related 
botanical forms share similarities in their seed fat component acids is encoun- 
tered amongst the seed fats of the larger trees, namely, that of species of the 
common elm. The seed fat of the American elm, XJlmus americana, studied 
in some detail by Schuette and Lunde,^^ contains only about g per cent, of 
oleic and 8 per cent, of linoleic acid, whilst the saturated acids include about 
50 per cent, of ^-decanoic (capric) acid, the remaining 33 per cent, probably 
consisting largely of lauric acid. Earlier but less detailed examinations of 
European elm seeds {U. campestris) by Pawlenko and by Beythien ef alA^ 
indicate a similar composition, with capiic acid as the predominating 
component. The elm thus seems to stand apart from all other trees or 
shrubs in the high content of capric acid in its seed fat ; moreover, no other 
seed fat from plants common to temperate climates has yet been reported 
with acids of so saturated a character and with high proportions of lauric 
as well as capric acids. The elm family is grouped botanically in the Urticales 
with the famihes Urticaceae and Moracese ; such seed fats of these as have 
been studied (hackberry, hempseed) are of the types common to those in 
Tables 49 and 50, the major component acids including linoleic, oleic, and 
linolenic, whilst the saturated acids are less prominent and are confined to 
palmitic and stearic acids. 

The shrubs and herbs quoted in Tables 49 and 50 possess seed fats similar 
in general composition to those of the larger trees previously mentioned ; 
those of some other plant families might also have been included except that, 
whilst many members of the latter contain only the usual acids — oleic, 
linoleic, linolenic, palmitic — -other species give rise to specific acids of a less 
usual t3q)e. As already explained (p. 122), these families are here dealt 
with separately ; but reference to Tables 51 (Rosaceae, Euphorbiacese, and 
Cucurbit aceae) and 57 (Leguminosae) will emphasise that in these families 
also the major component acids are confined in many instances to oleic, 
linoleic, and sometimes linolenic, with palmitic acid as a characteristic 
minor component. Leaving these four families aside, however, no plant 
family falling in Tables 49 and 50 appears in any of the subsequent tables, 
in which the major component acids of the seed fats are different. In other 
words, a specific relationship between seed fat component acids and botanical 
grouping commences to appear even in the case of the relatively simple and 
common mixtures of fatty acids recorded in Tables 49 and 50, a relationship 
which becomes still more distinct as seed fats are considered in which other 
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acids appear as major components in addition to, or substitution for, palmitic 
and the unsaturated acids. 

At the same time, one or two of the plant families included in these two 
tables appear to possess unusual features in their seed fats. Both species of 
Celastrus which have been examined have been observed to include in their 
seed fats, in addition to the usual higher fatty acids, appreciable proportions 
of formic, acetic and benzoic acids ; the most recent work (Gunde and 
Hnditch, Table 49, loc. cit,) indicates, however, that the latter are present 
not as glycerides, but in combination with a complex water-soluble poly- 
hydric and probably cyclic alcohol, the exact nature of which is as yet 
unknown. The naturally occurring lower acyl esters of this substance are 
evidently soluble in the seed fat and removed to some extent with the latter 
during its extraction from the seed. 

The few examples of the Olacaceae which have been studied suggest 
that seed fats in this family may be somewhat heterogeneous in composition. 
Thus, the seed fat of Ongokea Gore {Klaineana) is most unusual in containing 
as its main component a di-unsaturated C^g acid, with unsaturation in the 
and positions, one bond being ethylenic and the other acetylenic 

(Steger and van Loon, Table 50, loc. cit.) ; an unsaturated hydroxy-acid and 
minor amounts of oleic, linoleic and saturated acids are also present. 
Coula seed fat is marked by extreme simplicity of composition and extremely 
high oleic acid content (95 per cent.) ; but ivory wood seed fat contains, 
in addition to linoleic and oleic acids, nearly 50 per cent, of ricinoleic (hydroxy- 
oleic) acid, and in the remaining instance {Ximenia americana seed fat), in 
addition to large proportions of oleic acid, about 15 per cent, each of cerotic 
(w-hexacosanoic) acid, C36H52O2, and of a corresponding mono-ethenoid 
«-hexacosenoic ximenic **) acid, C26H50O2, have been encountered.* 

The data in Tables 49 and 50 (and also those of Tables 51 and 57) form 
suitable material for study of the connection between temperature of habitat 
and relative imsaturation of the seed fats. The only conclusion which 
emerges is that no wide generalisation on this point is permissible. The 
studies of Ivanow and others have demonstrated clearly that a given plant 
species, capable of existence in different climates, produces when grown in a 
cold climate more unsaturated (linoleic and linolenic) acids in its seed fat 
than when it is grown in a warmer climate. To argue in addition, as has 
been attempted, that tropical plants tend to produce more saturated kinds 
of seed fats than those of cooler habitat appears to the writer to be far too 
sweeping and, moreover, is not by any means substantiated by the facts. 
It is, of course, obvious that seeds in whose fats the higher saturated acids 
predominate will be those of tropical or sub-tropical growth, since the seed 
fats must be fluid at the temperature of the living plant. Let us, however, 
consider the case of species with var3dng proportions of the different 
unsaturated acids, the glycerides and mixed, glycerides of which are liquid 
at the ordinary temperature of the temperate or even sub-arctic regions. 

Cases for relation between temperature of growth and component 
unsaturated acids in the seed fats could be made out, in addition to the 

* The seed fat of SantcHum aU)um. (family Santalaceae, which like Olacaceae 
is placed in the group of Santalales) also appears to contain an unusual fatty 
acid. The component acids include 49 per cent, of " liquid unsaturated acids 
and 51 per cent, of " solid ” acids (Madhuranath and Manjunath ^®) ; the latter, 
except for a small amount of palmitic acid, consist chiefly of a solid triethenoid, 
non-con jugated acid, CigHgoOjj, m.p. 41—42°, of undetermined constitution. 
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Pinus species already referred to (p, 129), for members of the Moraceas and 
Celastraceae listed in Table 49. In the former case, the West African 
Treculia africana seed fat is much less unsaturated in composition than 
hempseed, which grows in temperate climates ; in the other case, the seed 
fat of the North American Celastrus scandens obviously contains much more 
linoleic and linolenic acids, and less oleic and saturated acids, than the sister 
species, C. pantculatus, from India. Similarly, in the data (Table 50) for 
species of oak (Fagacese), of the Papaveracese, of sesame (Pedaliaceas), of 
safflower (Compositae) and possibly of the grape (Vitaceae), and again in 
Spanish or Virginian as contrasted with West African groundnut oil 
(Leguminosae, Table 57) , there is some evidence for greater proportions of the 
more unsaturated acids in the respective plants which inhabit cooler, as com- 
pared with those from warmer, regions. 

On the contrary, however, seed fats of numerous tropical or sub-tropical 
plants are as highly unsaturated as any of temperate climatic origin in such 
cases as those of sweet basil, perilla, chia, or safflower seeds ; whilst the 
Calcutta linseed oil quoted is recorded as containing nearly 50 per cent, of 
hnolenic acid, a figure which is actually higher than any given in Table 49 
for Argentine linseed oils. Among the Rosacese and Euphorbiacese species 
(Table 51, pp. 134, 135) the absence of any general correlation between degree 
of general unsaturation and climatic temperature becomes absolutely clear. 
In the rose family, the species common to temperate regions — -Prun us specijeg^ 
hawthorn, blackberry — ^usually contain much oleic and linoleic acids in their 
seed fats, with occasionally some linolenic acid in addition ; but certain 
tropical species, namely, Licania rigida and Parinarium species, are charac- 
terised by the presence in their seed fats of large amounts of conjugated 
triethenoid and, in one instance, tetraethenoid acids of the Cig series. 
Similarly, in the Euphorbiaceas, whilst the caper spurge appears to contain 
over 90 per cent, of oleic acid in its seed fat, tropical species such as those of 
Hevea and Aleurites are uniformly characterised by high proportions of 
highly unsaturated acids, notably in the case of the conjugated triethenoid 
elaeostearic acid. 

Of the more common oils mentioned in Tables 49 and 50, those of walnut, 
hemp, perilla, chia, linseed, argemone, and poppy are usually classed as 
'' drying oils ; soya bean and safflower oils are sometimes referred to the 
« and sometimes to the semi-drying " type ; sesame, sunflower, 

and grape seed oils are definitely “ semi-drying oils, and almond, ground- 
nut, and olive are non-drying."' If we try to correlate the component 
fatty acids of an oil with the conventional classification as to drying 
properties, we may say that in '' non-drjdng " oils linoleic acid does not form 
much more than 20 per cent, of the mixed fatty acids ; but the boundary 
between semi-drying " and drying " oils is less easy to define. The 
presence of 5 per cent, or more of linolenic acid, especially when at least 50 per 
cent, of linoleic acid is also present, confers definite “ drjdng " properties, 
and naturally the combination of relatively large amounts of linolenic acid 
with as little as about 20 per cent, of linoleic acid leads to the same result. 
On the other hand, when linoleic acid exceeds 55~^o per cent, of the mixed 
acids, an oil is often referred to the " drying " class, although linolenic acid 
may be absent or only present in very minor amounts ; but a content of 
less than about 55 per cent, of linoleic, combined with absence of linolenic, 
acid seems to connote a " semi-dr3dng " oil. Thus the component acids 
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apparently requisite for a good drying oil are either (i) a minimum of 
about 55 per cent, of linoleic acid with, at least, traces of linolenic acid, or 
(ii) substantial proportions of linolenic acid with, on occasion, correspond- 
ingly reduced amounts of linoleic acid. 

Ia. Seed Fats of the Families Rosaceje, Euphorbiace^, 

CUCURBITACE^ 

Afajor component acids : LINOLEIC, OLEIC, with LINOLENIC or a conjugated 
polyethenoid acid (EL/EOSTEARIC, LICANIC, etc.). 

Minor component acids : Palmitic, (stearic), (oleic, linoleic). 

Until comparatively recently it seemed as though the Euphorbiacese 
family was somewhat exceptional in possessing a few species which elaborated 
unusual acids in the seed fats — on the one hand ricinoleic (hydroxy-oleic) 
acid in Ricinus species, and on the other hand a-elseostearic ( 
-octadecatrienoic) acid in two species of Aleurites, Within the last few years 
this peculiarity has not only been emphasised by the discovery that other 
species of this family {A, irisperma and Ricinodendron africanum) also 
contain a~elseostearic glycerides in their seeds, but the occurrence of the 
latter acid in quantity in the seed fats of several tropical species of plants 
belonging to the rose and the cucumber families has been recorded, whilst in 
addition isomeric forms of elseostearic acid, a-keto-elaeostearic (licanic, 
couepic), and the conjugated tetraethenoid parinaric acid have also been 
observed in other seed fats of the two latter families. Therefore, since 
many other species in these three families confine polyethenoid unsaturation 
in their seed fats to the common forms of linoleic and linolenic glycerides, 
it is well to consider the three plant families together. 

The data available at present are given in Table 51. Some of the recent 
observations on the more novel unsaturated acids are not on a quantitative 
basis, but are included in Table 5 1 in order to indicate the occurrence of the 
uncommon unsatruated components in question. It remains to be seen, 
of course, whether further research may not reveal the occurrence of these, 
or other, less common unsaturated acids in the seed fats of other botanical 
groups. At the time of writing, however, they are confined to species within 
the three plant families included in Table 51 (pp. 134, 135)- 

Rosaceae seed fats. For so large a botanical family, the data are, of 
course, relatively meagre. So far as they go, they fall into two well-defined 
groups : 

{a) The shrubs of temperate or sub-tropical habitat {Prunus, Rubus, 
CratcBgus, Cydonia), the seed fatty acids of which are mainly linoleic and 
oleic, with occasionally some linolenic acid, but usually with less than about 
5 per cent, of saturated acids (mainly palmitic) ; 

(b) Seed fats of the tropical genera Licania and Parinarium, in which the 
proportion of saturated acids is somewhat higher (usually 10— ii per cent.)> 
oleic and Enoleic acids are often present in only about the same amounts as 
the ^tmrated acids, and the predominant components are highly uiisaturated, 
conjugated acids. In Licania rigida and Parinarium sherbroense oc-licanic 
(a-keto-elseostearic) acid is the main component, but a-elasostearic acid is 
also present in some quantity. In P. macrophytlum about equal proportions 
of linoleic, linolenic, and a-elaeostearic acid occur in the seed fat, whilst the 
seed fat of P. laurinum is at present unique in containing the conjugated 
tetraethenoid parinaric acid. 
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Euphorbiaceae seed fats. The position here is not so simple as in Rosaceae. 
Only one seed fat from the many species inhabiting cool regions has so far 
been studied in detail — ^the caper spurge, which contains a very simple 
mixture of seed fatty acids with over 90 per cent, of oleic acid. The tropical 
species include both the ordinary type of dryng oil seed fats (similar 
to those in Tables 49 and 50) and seed fats in which elaeostearic acid is 
prominent ; in Aleurites the two types of seed fatty acids are found in 
different species of the same genus. Throughout the whole group, the 
proportions of saturated acids are low, usually 4—10 per cent., although in 
one or two instances they rise to 15—18 per cent, of the total fatty acids. 

Of the normal unsaturated seed fats (the components of which are 
quite in common with those listed in Tables 49 and 50), those of Croton 
tiglium, Hevea hrasiliensis, Jatropha curcas, and Joannesia princeps may be 
instanced ; in these linoleic and oleic are the only unsaturated component 
acids, except that rubber seed oil also contains 15—20 per cent, of linolenic acid, 
so that it possesses * ' drying '' properties. Candlenut or lumbang oil (Aleurites 
moluccana or triloba) also belongs to this group, containing, in addition to 
large proportions of oleic and linoleic acids, about 7 per cent, of linolenic acid. 

Three other species of Aleurites (A. cor data, Fordii, and montana) are 
characterised by the presence of 75 per cent, or more of a-elgeostearic acid 
in the seed glycerides (known as tung or China wood oils). These fats 
accordingly possess the property of ready gelation on heating owing to 
polymerisation of the conjugated triethenoid groupings, — CflrCH.CHrCH, 
CH:CH — . Bagilumbang oil, from A, irisperma, contains slightly less 
a-elaeostearic glycerides, but is otherwise evidently similar in type to the 
tung oils. The seed fat of Ricinodendron africanum appears to combine the 
two forms of mixed fatty acids, which in this case include about 50 per cent, 
of a-elaeostearic acid and about equal proportions of linolenic, linoleic, oleic, 
and saturated acids. 

The Ricinus seed fats are unique in their high content of ricinoleic acid, 
and also in the almost complete absence of any palmitic or other saturated 
acids ; Eibner and Miinzing ^ give similar data to those in the table for the 
contents of ricinoleic, oleic, and linoleic acids and also record that stearic 
and dihydroxy stearic acids together form 3 per cent, of the total acids. 

Ricinoleic acid has only been noted in quantity in the case of one other 
oil, the seed fat (ivory wood oil) of Agonartdra hrasiliensis, belonging to the 
family Olacaceae (cj. Table 50). The acid was formerly supposed to occur 
in some quantity in the oil of the grape seed {yUis vinifera), but later work 
indicates that it is not a constituent, the earlier reports having been based on 
acetyl values of grape seed oils which had become partially hydrolysed into 
mono- and di-glycerides.^Q Similarly the presence (cJ, Table 50) of 10 per 
cent, of ricinoleic acid (as also of 6 per cent, of hexadecenoic acid) in argemone 
oil (from a papaveraceous plant) seems unusual, and confirmation of this 
observation is desirable. 

CucurMtaceae seed fats. These resemble those of Rosaceas rather than 
those of Euphorbiaceae in that nearly all species so far examined have seed 
fats whose component acids belong to the simple type of those in Table 50 — * 
abundant oleic and linoleic acids with subordinate amounts of palmitic and 
stearic acids. In a few instancies the saturated acids approach about 
30 per cent- of the total acnds, and sometimes stearic acid is equally prominent 
with palmitic acdd. 
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In two genera only have differences from this common mixture of fatty 
acids yet been encountered. 'V^Tbilst the seed fat of Telfairia pedata is 
derived from the usual mixture of saturated, oleic, linoleic, and linolenic 
acids, that of T. occidentalis contains large amounts of a-elseostearic glycerides. 
Similarly, the seed fat of Trichosanthes cucumeroides contains, in its com- 
ponent acids, about 30 per cent, of an isomeric form of elaeostearic acid 
{trichosanic acid) in addition to oleic (20 per cent.), linoleic (42 per cent.), 
and saturated (8 per cent.) acids, although that of the related T, Kadam 
is apparently free from conjugated polyethenoid unsaturation. 

Yet another isomeride of elaeostearic acid, denominated punicic add, 
was isolated by Toyama and Tsuchiya so from pomegranate seed oil {Punica 
granaium, family Punicaceae or Lythrarieae) ; Farmer and Van den Heuvel si 
have confirmed the observation that punicic acid is a third naturally occurring 
isomeric form of elaeostearic acid. 


III. SEED FATS IN WHICH PALMITIC, AS WELL AS OLEIC 
AND LINOLEIC, ACID IS A MAJOR COMPONENT 

Major component acids : PALMITIC, OLEIC, LINOLEIC (in a few cases, stearic). 

Minor component acids: (Myristic), stearic, (arachidic, lignoceric), linolenic. 

There are a very large number of oils whose component fatty acids include 
oleic and linoleic in much the same amounts as those in Table 50, but in 
which palmitic acid is also prominent. No sharp line of demarcation falls, 
of course, between oils of minor and major '' palmitic acid content ; 
for the present purpose, as explained in Chapter I (p. 8), an acid is deemed 
to be a major component of a fat when it forms about 10 per cent, or 
more of the whole of the mixed fatty acids. Families with seed fats in which 
palmitic acid, as well as oleic and linoleic acids, is an important constituent 
include many herbaceous and shrubby types, and these have a definite 
tendency to be more regularly natives of sub-tropical and tropical regions 
than those falling within the categories of Tables 49 and 50 ; recorded 
detailed analyses for seed fat component acids of this type are collected in 
Table 52 (pp. 138-140) . Another important group of seed fats belonging to 
this class is that of the Gramineas, which it is convenient, however, to discuss 
separately (data in Table 53, p. X41) ; the Gramineae, of course, are repre- 
sented by many genera indigenous to temperate, as well as warmer, climes. 

In the seed fats falling in Table 52, oleic and linoleic acids almost always 
still form 70 per cent, or more of the mixed fatty acids, an amount which is 
not greatly inferior to that of the oils in Tables 49 and 50 ; but the balance 
is made up to a marked extent of palmitic acid. Of the unsaturated acids, 
again, sometimes linoleic and sometimes oleic is the more in evidence ; in 
quite a number of instances, including the abundant and technically valuable 
cottonseed oil, linoleic acid amounts to about 50 per cent, of the total acids, 
and such oils are, of course, characteristic members of the semi-drying 
class. It is in relatively few instances that the linoleic acid content falls 
much below 25—30 per cent., the oleic acid figure then rising proportionately 
to 50-60 per cent, or even higher. 

The palmitic acid content of this group of seed fats seems to fall into two 
or three classes, somewhat as follows : 

(i) In the families belonging to the Malvales (Malvaceae, Tiliaceae, 
Bombacaceae), it is frequently in the region of about 20 per cent, of the total 
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acids, and sometimes rises to considerably more than this figure. Cotton- 
seed oils from different species and habitats (American, Egyptian, Indian) 
show extremely small variations in the amounts of their component acids, 
of which palmitic acid always forms about 20—22 per cent. It may be more 
than a coincidence that the only other seed fat belonging to the Malvales 
(that of Theobroma cacao, Sterculiaceae) which has been studied in detail 
contains a similar proportion of palmitic acid (23 per cent.), although in this 
case stearic acid is present in still larger quantities {cf. Table 58, p. 156). 

(ii) In contrast to this resemblance between the seed fats of many of the 
Malvales, it must be pointed out that other seed fats of similar high palmitic 
content belong to a variety of plant divisions and, equally, that families 
belonging to one and the same division 5deld seed fats whose major com- 
ponents are frequently quite different. The component acids of seed fats, 
in other words, are usually strongly specific with respect to the plant families, 
but not always in regard to the wider groups into which the families have 
been collected on botanical grounds. 

Other families, in addition to those mentioned, in which palmitic acid 
usually forms about 20 per cent, or more of the seed fats, appear to include 
Magnoliacese (Ranales), Rutaceae and Burseraceae (Geraniales) , Caryocaraceae 
(Parietales), Combretaceae and perhaps Lecythidaceae (Myrtiflorae), Rubiaceas 
and Caprifoliaceae (Rubiales). In practically all these instances the amount 
of any other saturated acid present is of quite a minor order. The palmitic 
acid content (48 per cent.) of piqui-a kernel fat {Caryocar villostim) is one of 
the highest yet observed in a seed fat. 

(iii) In the Solanaceae (data for which are incidentally more abundant 
than in many other families) the seed fat content of palmitic acid is usually 
nearer 10 per cent, than 20 per cent, of the total acids. In this respect, and 
still more in the abundance of oleic and dinoleic acids and the absence of 
other saturated acids, Solanaceae seed fats form a very similar group to 
those of most of the Cucurbitaceae, but in this case th^ two plant families 
have no close botanical connection. 

(iv) Finally, in some of the families (Anacardiaceae, Apocynaceae, 
Anonaceae), the palmitic acid content of seed fats is somewhat variable and, 
in several of the examples, stearic acid is recorded in amounts approaching or 
even exceeding 10 per cent, of the total acids. Such seed fats are, more 
strictly speaking, intermediate between the class now under discussion and 
that (Table 58) in which, in a few tropical families, stearic acid becomes a 
prominent feature of the seed fat. It is rather obvious that decrease in 
linoleic acid does not necessarily accompany the appearance of stearic acid 
in such cases ; indeed, although in some cases (e.g. cashew and shinia nuts) 
the proportion of linoleic acid is very low, in others (such as the seed fats of 
An^a squamosa) it forms over half of the total acids in spite of the presence 
of II per cent, of stearic and 15 per cent, of palmitic acid. It is accordingly, 
at present, doubtful whether any correlation can be detected between the 
presence of stearic acid, and diminution in linoleic acid, in seed fats. 

IIIa. Seed Fats of the Gramine^ 

Miyor component acids : OUEIC,*! LINOUEIC, PALMITIC. 

Minor componerd acids: Stearic, (occasianally myristic, arachidic, linolenic). 

The available data in this class, which are shown in Table 53, p. 141, are 
of interest not only because they include analyses of the oils present in the 
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{/J Also 0'2 per cent, arachidic and 54 per cent. Imolemc acids. 

. ig) Also 0-3 per cent, lignoceric and 10'8 per cent, linolenic acids. 
(A) Also 1-2 per cent, lignoceric and 3-6 per cent, linolenic acids, 
(i) Also 04 per cent, arachidic and 0-2 per cent, lignoceric acids. 
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common and important cereals wheat, barley, rice, oats, and maize, but 
also because they afford instances in which endosperm fats have been 
examined separately from those of the embryo. The embryo or germ, in 
the Graminese, usually contains much more fatty matter than the corre- 
sponding endosperm ; thus, in wheat the embryo contains 10-17 per cent, 
of fat, and the endosperm only 1-2 per cent., whilst for rye the respective 
figures are 8-11 per cent, and 1-3 per cent., and for rice, up to 35 per cent, 
and 8-12 per cent. 

The respective embryo and endosperm fats, so far as can be judged from 
the analyses in Table 53 are not very different in any given species, but there 
seems to be a very definite distinction in the relative amounts of oleic, 
linoleic and linolenic acids present in the seed fats of the various genera of 
the Gramineae. Linolenic acid is reported in the case of wheat, rye, and 
barley seed fats, and the proportion of oleic acid in these fats (all of which are 
denizens of temperate climatic regions) is definitely lower than in those of 
the sub-tropical maize or the tropical rice ; on the other hand, the embryo 
fat of the oat resembles the latter in being rich in oleic and lower in linoleic 
acid components. Any effect due to purely climatic influences is thus, as 
in previous cases, apparently obscured by some other influence of a speci- 
fically biological nature. 

The content of saturated acids (almost all palmitic) of the Gramineae 
seed fats is usually in the region of 10-15 per cent., but occasionally 
approaches or exceeds 20 per cent. 

SEED FATS CONTAINING CHARACTERISTIC ACIDS OTHER THAN, OR 
IN ADDITION TO, OLEIC, LINOLEIC, AND PALMITIC ACIDS 

In passing from the fats in which oleic, linoleic (linolenic), and palmitic 
acids are the only major components to those in which one or more other acids 
are present in substantial proportions, the close connection between seed fat 
composition and the family to which the parent plant belongs becomes still 
more evident. The fatty acids which, in addition to those previously dealt 
with, appear individually in quantity in certain seed fats are : 

(i) unsaturated: petroselinic, tariric. A®' ® '^^-octadecen-inoic, 

eicosenoic, erucic, hexacosenoic, chaulmoogric, and hydnocarpic, 
(elseostearic, keto-elaeostearic, parinaric, ricinoleic). 

(ii) saturated : arachidic and hgnoceric, stearic, myristic, lauric, (or 
both of the latter together). 

(a) SEED FATS CONTAINING SPECIFIC UNSATURATEU 

ACIDS 

The fats in which elceosiearic acid and its natural isomeric forms, 
CH 3 .[CH 2 ] 3 .[CH:CH] 3 .[CH 2 ] 7 .C 00 H, 4-keto-el8eostearic acid, CH3.[CH2]3. 
[CH:CH] 3 .[CH 234 .C 0 .[CH 2 ] 2 .C 00 H, parinaric acid, CHg.CHg. [CH:CH]4, 
[CHJt.CQOH, and ricinoleic acid, CH3.[CH2]5.CH(OH).CH2.CH:CH.[CH2]7* 
COOH, are piiesent in large amounts have already received attention 
(Table 51). The other examples of rmsaturated major components known 
up to the present include the mono-acetylenic tariric acid, CH3.[CH2]7.C; C. 
[CH2]7.C00H, an unsaturated Cjg acid with an ethenoid and an acetylenic 
linking in the A® ' and the A®* positions, and the following mono-ethylenic 
acids : petroselinic, CH3.[CH2]io*CL['LH.[CH2]4.COOH, an eicosenoic acid 
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CHs.ECHJs.CHiCH.CCHslg.COOH, acid, CH3.[CH2]7-CH:CH.[CH2]ii. 

COOH, a hexacosenoic acid, C26H50O2, and chaulmoogric and hydnocarpic 
acids. The latter are cyclopentene derivatives of the formulae : 

CH=CH-. CH=CH.. 

I >CH.[CH2]i2,COOH I >CH.[CH2]io-COOH 

CHs-CHa"'^ CHg—CHa""^ 

Chaulmoogric acid Hydnocarpic acid 

Each of these imsaturated acids is associated with the seeds of only one 
or two families of plants, as will be gathered from the description which 
follows. 

Seed Fats with Petroseeinic ( A® '"^-Octadecenoic) Acm as 
Major Component 

Major component acids : PETROSELINTC, OLEIC, LINOLEIC. 

Minor component acids : Palmitic. 

The occurrence of unsaturation in the position of the Cis chain, in 

contrast to or accompanjdng the A®*^® ethylenic linking common to oleic, 
linoleic and linolenic acids, is comparatively uncommon, except in the seed 
fats of the Umbelliferae and of ivy and one or two other species of plants- 
In umbelliferous plants, however, the A® * ’'-octadecenoic acid seems invariably 
to be a major component. 

It may here be interpolated that the triethenoid C^s acid present in the 
seed fat of the evening primrose ((Enotheraceae) is A®*^* ^^‘^^-octa- 

decatrienoic acid, ^ 2 ang jg thus related to the mono-ethenoid petroselinic 
acid in the same way that ordinary linolenic acid is to oleic acid. Again, 
the acetylenic tariric acid. A®* '^-octadecinoic acid, the occurrence of which is 
discussed below (p. 144), is structurally related to petroselinic and not to 
oleic acid .® 3 The di-unsaturated acid from the seed fat of Ongokea Gore, 
referred to on p. 130, contains one ethylenic and one acetylenic linkage, the 
imsaturation being centred between the 6th and 7th, and 9th and loth 
carbon atoms of the chain ; but it is not at present known in which of 
these positions the respective double and treble bonds are situated.®* 

The observation of Vongerichten and Kohler in 2:909 that parsley seed 
oil contained over 70 per cent, of a A® ’ ^"Octadecenoic acid (petroselinic 
acid) was confirmed in 1927 by Hilditch and (Miss) Jones,®® and by van 
Loon .®7 Subsequent examination of the seed fats from eight other species 
of umbelliferous genera disclosed the presence in every instance of petro- 
selinic acid in amounts varying from 19 to 60 per cent, of the total fatty acids 
of the oils {cf. Table 54, p. 145). The other acids present were oleic and 
linoleic in varying proportions, together with minor amounts (usually 3—4 
per cent.) of palmitic, the only saturated^ acid. Chervil seed pil appears 
peculiar in its high content of linoleic acid coupled with substantial absence 
of oleic acid, and this feature is perhaps worth further study. 

Petroselinic arid has thus been observed in quantity in every umbel- 
liferous seed fat so far analysed, but its presence has hitherto only been 
reported in the seeds of plants belonging to two other families, Araliaceae 
(a closely allied Umbellate family, classified separately on account of the 
more succulent fruit) and one genus from the Simarubaceae. 

The fat of ivy (Hedera helix, Araliaceae) seeds was stated to contain 
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petroselinic acid by Palazzo and Tamburello ^ in 1914, and this observa- 
tion was confirmed by the detailed analysis of Steger and van Loon 59 in 
1928. 

Tsnjimoto and Koyanagi have observed that the 77 per cent, of 
unsaturated acids from Nigaki seed fat {Picrasma quassioid^es, Simarubaceae) 
consist for the greater part of petroselinic acid. 


Seed Fats with Tariric Acid (or other Ethinoid Acid) as 
Major Component 

Tariric ( A® * ^-octadecinoic) acid was first reported by Arnaud 53 1892 

as a component of the seed fat of Picramnia tariri and was later observed in 
those of P. Camhoita and P. Carpinterce,^^ these species being indigenous to 
Guatemala, Guiana, or Brazil. Grimme ^2 found that the component acids 
of the seed fat of P. Lindentana (Guatemala) consisted approximately of 
m3mstic 22, palmitic 33, stearic 3, oleic 22, and tariric 20 per cent., acids. 
The fatty acids from the seed fat of yet another species of Picramnia, P. Sow, 
were, however, found by Steger and van Loon to consist almost wholly 
(nearly 95 per cent.) of tariric acid ; these authors confirmed the structure 
of the acid as A®*^”<x^f^decinoic acid, CH3.[CH2]io-C: C.[CH2]4.COOH. 

The occurrence of this acetylenic acid is at present confined to the one 
Central American genus Picramnia, a member of the family Simarubaceae 
(sub-family Terebinthaceae). The seed fats of other plants belonging to the 
Simarubaceae are quite different, and somewhat variable, in their component 
acids (see Table 59A and pp. 161, 165). 

Reference should again be made here to the rare di-unsaturated Cjg 
acid, with one acetylenic and one ethylenic linking (occupying the 
aJid A ® ' ^^■p^^sitions) , isolated from the seed fat of a species of Ongokea 
(Olacaceae) by Steger and van Loon.®^ 


Seed Fats with Cyclic Unsaturated Acids (Chaulmoogric, 
Hydnocarpic, Gorlic) as Major Components 

PlacourtiacecB Seed Fats 

Chaulmoogric and hydnocarpic acids, the C^q and C^g acids containing 
a cyclopentene group whose structural formulae were given on p. 7, are 
present in quantity in the seed fats of many members of this family ; more- 
over, so far as at present known, they do not seem to occur elsewhere. These 
acids contain an asymmetric carbon atom and are thus capable of existence 
in optically active iorms ; actually, the naturally occurring chaulmoogric 
and hydnocarpic glycerides are strongly dextro-rotatory. The acids also 
possess marked therapeutic properties and are valuable medicinally, 
especially in the treatment of leprosy. 

A diethenoid cyclopentene acid, gorlic acid, C18H30O2, has been observed 
to accompany chaulmoogric acid in smaller quantities than the latter in some 
cases 54 : it is believed that in gorlic acid one ethylenic linking is in the cyclo- 
pentene ring (as in chaulmoogric acid), whilst the other is in the aliphatic 

chain. 65 



TABLE 54. COMPONENT ACIDS (WTS. PER CENT.) OF SEED FATS OF THE VMBEILIFERM AND ARALIACEJE 
Major component acids: All unsaturated-OLEIC, LINOLEIC, and PETROSELINIC. 
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CHEMICAL CONSTITUTION OF NATURAL FATS 

Quantitative methods of separation of chauhnoogric and hydnocarpic 
acids from oleic and linoleic acids do not appear to be too good at present, 
and close estimates of the proportions of these acids are at present lacking 
in most instances. Table 55, which includes a summary of most of the 
Flacourtiaceae seed fats which have been described, will serve, however, to 
indicate in a general manner the extent to which these cyclic acids are 
present in many cases, and also to demonstrate their absence from certain 
species, whilst other species of the same genus develop them abundantly in 
their seeds. The members of this family are found in tropical regions of 
Asia, Africa, and America. 

Cole and Cardoso have recently (1938) given quantitative data for two 
of the seed fats in Table 55. They state that the component acids of 
Sapocainha oil {Carpotroche hrasiliensis) include palmitic 6*8, oleic 6-4, 
hydnocarpic 46*1, chaulmoogric 24*9, and gorlic 15*8 per cent. ; and that 
those of gorli seed oil {Oncoba echinata) are palmitic 7*8, oleic 2-2, chauL 
moogric 75*2, and gorlic 14*8 per cent. 

Seed Fats with Unsaturated Acids of the C20, C22, or Higher 
Series as Major Components 

The only abundant unsaturated acid of greater molecular weight than 
oleic acid in the vegetable kingdom is erucic ( A^^’^^-docosenoic) acid, 
CH3.[CH2]7.CH:CH.[CH2 ]ii.COOH, which is the main component of seed 
glycerides in the large and important family Cruciferae, and which forms, 
apparently, a very high proportion of the component acids of the seed fats 
of TropcBolum (Tropaeolaceae). Apart from these two families, it has not 
been detected with certainty in any other seed fats. 

In several cases, other acids have been reported, usually as minor com- 
ponents. Thus, in some of the Sapindaceae seed fats (Table 57, p. 153), which 
contain large proportions of arachidic acid, there is evidence of the presence 
of small amounts of a related eicosenoic acid, C20H38O2 ; whilst the unusual 
seed fat of Ximenia americana (Olacaceae) contains in its component acids, 
in addition to 15 per cent, of cerotic acid, C26H52O2, about the same pro- 
portion of a mono-ethenoid acid of the same carbon content, ximenic 
(hexacosenoic) acid, C26H50O2 {cf> Table 50). 68 

Finally, the lipoid matter from the seeds of Simmondsia californica] 
which is unique in that it is a wax and not a fat, contains as principal acids 
A II 12-eicosenoic. C20H38O2, and a docosenoic acid, C22H42O2, which is 
probably erucic acid. TMs seed wax is further discussed below (p. 148). 

Seed Fats with Erucic Acid as a Major Component 

Mcgor component acids : ERUCIC, OLEIC, LINOLEIC. 

Minor component acids : Palmitic, arachidic, behenic, lignoceric. 

Cruciferae seed fats. There is every reason to think that most Cruciferous 
plants, which form a very large family widely distributed in many parts of 
the world, produce seeds in which erucic acid is an important constituent. 
Detailed analyses have only been made so far on seed fats from four species 
of Brassica, from Eruca sativa, and from the wallflower {Cheiranthus cheiri ) ; 
as Table 56 (p. 149) shows, the component acids of these are all of the same 
general type, with about 40—50 per cent, of erucic acid as the main com- 
ponent. Oleic (usually about 30 per cent.), linoleic, and occasionally linolenic. 
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CHEMICAL CONSTITUTION OF NATURAL FATS 

acids are also major components and account for all but about 5 per cent, of 
the remaining fatty acids ; the latter appear to include small proportions of 
palmitic and still smaller, but definite, quantities of higher saturated acids 
(behenic or lignoceric) . 

Whilst the number of detailed analyses is small, and refers mainly to 
Brassica species, it should be pointed out that the high molecular weight of 
erucic acid results in the saponification value of fats such as those in Table 56 
being about 176, whereas an oil made up entirely of glycerides of C^g acids 
has a saponification value of 190. Since the recorded saponification values 
of the seed oils of many other Cruciferous plants lie between 17a and 180, 
it is reasonable at least to conclude, pending the desirable publication of 
further detailed figures, that the presence in quantity of the same acid of 
high molecular weight (erucic) is implied. 

Tropaeolttm seed fats. The seed fats of the nasturtium contain extremely 
high proportions of erucic acid. In 1899 Gadamer stated that the seed 
fat of the giant nasturtium, Tropmolum majus, consists of nearly pure 
trierucin, m.p. 30*5®. This was substantially confirmed by Sudborough 
et aiy 0 in 1926 ; these workers resolved the seed fatty acids, by the Twitchell 
lead salt-alcohol process (Chapter XI, p. 370), into 45*7 per cent. solid 
acids (equiv. 330, iod. val. 72-9) and 54*3 per cent. " liquid acids 
(equiv. 298, iod. val. .72*6). The solid acids were practically entirely 
erucic acid, which, with subsidiary proportions of an unsaturated acid of 
lower molecular weight, also formed most of the " liquid acid fraction. 
Their trierucin (obtained by crystallisation from the fat at 0°) melted at 
30*5— 31-0'^ ; on isomerisation it gave tribrassidin, m.p. 56--57®, and on 
hydrogenation, tribehenin, m.p. 81*0—81*5°. 

In 1938 Hilditch and Meara^i examined the liquid fat present to the 
extent of 8 per cent, in the seeds of the ordinary garden nasturtium {Tro- 
pcBolum minus or JLobbianum var.). The esters of the mixed fatty acids 
were fractionated, and the composition of the latter determined as : erucic 
8i’8, oleic i6*o, linoleic 1*2, and saturated acids (chiefly palmitic and behenic) 
1*0 per cent. This oil also solidified on cooling to a mass of white stellate 
needles, which melted after recrystallisation from alcohol and benzene at 
31*5—32°, and were shown by X-ray spectrographic analysis to be trierucin. 

The high proportion of erucic acid in the component acids of Tropceolum 
seed fats necessitates, of course, the presence of considerable amounts of the 
simple triglyceride, trierucin, therein. 

The liquid seed wax of Simmondsia californica. The seeds of this sub- 
tropical North American shrub, belonging to the family Buxaceae (formerly 
placed by botanists in the Box section of the Euphorbiaceae) , are exceptional, 
in their botanical group, in consisting wholly of embryo and cotyledons instead 
of endosperm. Their lipoid content is equally exceptional, indeed at present 
unique, in that glycerides are completely absent ; it is composed of a mixture 
of wax esters of higher unsaturated alcohols with higher unsaturated fatty 
acids. 

Attention was first drawn to this unusual feature by Greene and Foster,^^ 
who pointed out that the seed lipoids were waxes and not fats (glycerides), 
and likened the material to the sperm oil of the sperm whale. Concurrently, 
but independently, the nature of the seed wax was studied later in more det^ 
by McKinney and Jamieson,'^^ and by Green, Hilditch, and Stainsby.'^^ 
Neither group of workers could detect any glycerine in the products of 



TABLE 56, COMPONENT ACIDS (WTS. PER CENT.) OF SEED FATS OF THE CRUCIFER£ 

Major component acids: All unsaturatcd-OLEIC, LINOLEIC, and ERUCIC. 

Minor component acids: Linolenic, palmitic, stearic, arachidic, behenic, or lignoceric, 

Habitat Component FAiry Acids Per Cent, Method Observers 
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CHEMICAL CONSTITUTION OF NATURAL FATS 

hydrolysis, but both observed that the latter consisted of almost equal 
weights of higher aliphatic alcohols and acids. McKinney and Jamieson*s 
fractionation figures led to the following percentage compositions for the 
alcohols and acids : Alcohols — eicosenol, C20H39.OH, 30 per cent. ; docosenol, 
C22H43.OH, 70 per cent. ; Acids — saturated 3*5, hexadecenoic 0-5, oleic 1-4, 
eic^Dsenoic 64-4, and docosenoic 30*2 per cent. Green, Hilditch, and Stainsby's 
fractionation data are in general agreement with these, but were not employed 
for quantitative calculation ; the saturated acid present appeared to be 
mainly palmitic acid- By disruptive oxidation, and by hydrogenation of 
the respective individual acids and alcohols to the corresponding saturated 
derivatives (which were submitted to X-ray spectrographic analysis), they 
established the structure of the alcohols as fi- ^^-eicosenol and 
docosenol, and that of the main acid component as ‘^^-eicosenoic 

acid ; it is almost certain that the higher acid is A^^ *• ^^-docosenoic (erucic) 
acid. 

{h) SEED FATS CONTAINING SPECIFIC SATURATED 

ACIDS 

As in the case of the rarer unsaturated acids of vegetable origin which 
have just been discussed, the occurrence of saturated acids other than pal- 
mitic in quantity is of a very specific nature and is confined, broadly speaking, 
to the seed fats of members of the following families : 

Specific Saturated Major Families 

Components 

Arachidic (behenic, lignoceric) Leguminosae, Sapindacese. 

Stearic Meliaceae, Sterculiaceae, Guttiferae, Dipterocarpaceae, 

Sapotaceae. 

Myristic Myristicaceae (Vochysiaceae) 

Laurie I^uraceae. 

Laurie and myristic (together) Palmae, Simarubaceae (Salvadoraceae). 

Seed Fats of which Arachidic (Behenic) or Lignoceric Acids 
ARE Major Components 

Major component acids: OLEIC, LINOLEIC, ARACHIDIC, (BEHENIC), LIG- 
NOCERIC. 

Minor component acids: Palmitic, stearic, (myristic, arachidic, lignoceric, linolenic). 

The data in existence at present for this group are collected in Table 57 
(PP- 152. 153)- 

Leguminosae seed fats. The data for these are interesting from several 
points of view, and suggest that this family (perhaps especially its sub- 
division Mimosoideae) may prove a very interesting field for further investi- 
gation of the component acids of seed fats. The Pentaclethra fats are reported 
to be rich in arachidic acid and fresh and more rigorous analyses of the 
saturated acid components are clearly desirable. The Ad’enanthera fat has 
been fully investigated by the workers at the Indian Institute of Science, 
Bangalore, and the presence of 25 per cent, of lignoceric (n-tetraqosanoic) acid 
is unequivocally established. An analysis of Parkia seed fat seems to 
indicate equally definitely the occurrence of behenic (w-docosanoic) acid in this 
case, although to a less extent. 

In the other botanical sub-divisions (Caesalpinoidse and Papilionatae) no 
striking instance of large proportions of arachidic or higher saturated acid 
has yet been encountered. There seem here to be, however, two types of 
seed fat component acid mixtures with no sharply defined boundary between 
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them. In one group the saturated C20, O22, and/or C24 acids are present, 
albeit as minor components in these cases ; together they may amount to 
nearly 15 per cent, of the total acids (as in tonka bean oil) or to 6-7 per cent, 
(as in groundnut and pongamia oils). In this type of seed fat there is also 
usually 5-8 per cent, of palmitic and a smaller amount of stearic acid. In 
the other group, whilst the palmitic and stearic acid contents are usually 
similar to those just mentioned, the amount of higher saturated acids is 
almost negligible and is, as a matter of fact, no higher than has frequently 
been noted as arachidic or lignoceric acid in many of the liquid fats discussed 
in Tables 49, 50, 51, and 52. 

It should be observed that, in one important respect, all the Leguminosae 
seed fats resemble the simple " linoleic-oleic-palmitic type dealt with in 
detail in Table 50 : the chief components are oleic and linoleic acids, these 
together usually forming 6o~8o per cent, of the total component acids. 
Linolenic acid is often present in small proportions (e.g., especially, soya bean 
oil), but rarely in quantity, although it forms over 20 per cent, of the com- 
ponent acids of alfalfa seed fat. Possibly the clovers, lucernes, and other 
small leguminous herbs elaborate more linolenic acid than some of the larger 
species, but more data are necessary to illustrate this point. In different 
species in Table 57, the linoleic acid content may greatly exceed the oleic 
acid content, or vtce versa. It is not yet possible to correlate these variations 
with biological variations or with differences in temperature, although the 
former may at present appear on the whole more likely. 

Cooler temperatures of growth might be considered to account for the 
high linoleic/oleic acid ratio in Spanish and Virginian groundnuts as com- 
pared with West African groundnuts, or for the higher Hnoleic/oleic acid 
ratio as between groundnuts on the one hand, and soya beans on the other. 
Contrariwise, the linoleic/oleic acid ratio is higher in the tropical Bonducella 
nut than in the sub-tropical soya bean or the Manchurian mungo bean. 

A word should be added here with reference to the small amounts of 
arachidic, behenic, and lignoceric acids which make up 6—7 per cent, of the 
component acids of Arachis, JPongamia, and perhaps other leguminous 
seed oils. In these cases the small amounts of each acid present render 
complete separation of the individuals very difficult, and much discussion 
{cf. Chapter IX, p. 310) has taken place as to their identity, since in many 
instances neither the melting points nor the X-ray spectra of the isolated acids 
agreed with those of w-eicosanoic or ^-tetracosanoic acids. Several investi- 
gators of this problem concluded that the arachidic acid of groundnut oil, 
for example, is a branched-chain acid and thus an exception to the otherwise 
invariable rule that natural fatty acids contain un unbranched chain of 
carbon atoms. The most recent work on the matter, however, is due to 
Jantzen and Tiedcke,*^^ who succeeded in effecting the separation of the 
methyl esters of the mixed higher saturated acids of groundnut oil by means of 
a special form of distillation apparatus, and who then obtained definite frac- 
tions of n-eicosanoic, ^-docosanoic, and w-tetracosanoic acids. In view of 
this, it seems probable that the difficulties encountered in correlating particular 
physical properties of the synthetic and natural arachidic, etc., acids were 
due in some way to the influence of small amounts of another component 
contaminating a suppos^lly individual acid. At all events, since the normal 
arachidic, lignoceric, and behenic acids have now been reported as major 
components of one or other l^^minous seed fat, it seems reasonable to 



TABLE 57. COMPONENT ACIDS {WTS. PER CENT.) OF SEED FATS OF THE LEGUMINOSM AND SAPINDACES 

Major component acids: OLEIC, (ARACHIDIC, BEHENIC, LIGNOCERIC, LINOLEIC). 

Minor component acids: Paimitic, stearic, (myristic, arachidic, lignoceric, linolenic). 

Habitat Component Fatty Aaos Per Cent. (Wt.) Method Observers 
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(m) Also 4-2 eicosenoie acid, CaoHjsOi. 
in) Also I'O per cent, myristic acid. 

(o) Also I'l per cent, myristic acid. 

(p) Also M per cent, decanoic and 2-3 per cent, lauric acids. 

* In these analyses the presence of traces of hexadecenoic acid was also verified. 
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anticipate that the higher saturated acids occurring as minor components of 
certain other seed fats in this family should also be mixtures of the same 
(straight-chain) acids. 

Sapindaceae seed fats- The four seed fats of this family which have 
been examined in detail were found each to contain 20 per cent, or more of 
arachidic acid. It seems likely, therefore, that arachidic acid is elaborated in 
quantity in the seeds of the tropical trees and shrubs belonging to this 
botanical group. In view of the discussion which has taken place (c/. above 
and Chapter IX, p. 310) with regard to the identity of the arachidic and 
lignoceric acids of groundnut oil, it is of interest to mention that specimens 
of the arachidic acid from the seeds of Schleicher a trijuga and of Nepheliunt 
lappaceum have been submitted to X-ray spectrographic analysis, and in 
each case the X-ray spectra corresponded exactly with that of ^^-eicosanoic 
acid, CH3.CCH2li8.COOH. 

It is worthy of record that the 35 per cent, of arachidic acid in the seed 
fat of Nephelium lappaceum ’was accompanied by about 4 per cent, of an 
eicosenoic acid, C20H88O2, and that traces of the latter acid were apparently 
present in the component acids of the seed fat of N. mutabile, of which 
arachidic acid amounted to 22 per cent. 

Seed Fats of which Stearic Acid is a Major Component 

Major component acids : OLEIC, STEAIHC, PALMITIC. 

Minor component acids: Linoleic, (myristic, arachidic). 

It was remarked on p. 137, in connection with Table 52, that as seed 
fats become less unsaturated, and palmitic acid makes its appearance in 
larger quantities, so in some instances there is also an increase in stearic 
acid content. We come now to a group of families in which stearic acid is 
nearly always present, in the seed fats, to the extent of over 10 per cent. ; 
in some cases it becomes the chief component and forms over 50 per cent, 
of the mixed fatty acids of the glycerides. Its occurrence in quantity in 
seed fats has, however, only been observed in plants belonging to a few 
tropical families, and it cannot be too much emphasised that, in the vegetable 
kingdom, stearic acid is at least as rare as, for example, arachidic or .elseo- 
stearic acid, and is probably produced in less abundance than lauric, erucic 
or petro^linic acids, the respective characteristic components of the very 
laige and widely distributed natural families Palmae, Cruciferae, and Umbel- 
liferse. 

There was some indication in the drying and semi-drying " oils 
dealt with in Tables 49 and 50 (pp. 123— 132) that the relative amounts of 
oleic, linoleic, and Hnolenic acid in seed fats of related species alter in some 
measure correspondingly ; that is to say, one does not often find cases in 
which a seed fat contains much oleic and linolenic with little linoleic acid. 
Progressive development of unsaturation from a non-drjdng '"’to a 
drying oil is usually r^ular, in the sense that oleic acid content falls 
somewhat as the amount of linoleic acid increases, and is commonly stlU 
more reduced in cases where linolenic acid makes its appearance. This is 
suggestive, of course, of ^me kind of inteFfelafibn betw^n the three 
unsaturated acatds or their immediate precursors in the endosperm meta- 
bc^sm, but no rigorous proof has yet been offered of the direct conversion, 
for example, of oleic into linoleic acid, or vice versa, in the seed. Whilst 
such interconversion may or may not occur between the three unsaturated 
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acids, it is, nevertheless, in the writer’s opinion, most unlikely that any such 
process accounts for the appearance, in the fats under notice at the moment, 
of large amounts of stearic acid ; for, were this the case, we should expect 
stearic acid to be at least as prominent a feature as palmitic acid of those oils 
in which the latter is only a minor component. The facts point in exactly 
the opposite direction ; palmitic acid most frequently forms at least 6~io 
per cent, of the less saturated seed fats and sometimes more, whilst (except 
in a very few families) the proportion of stearic acid is very small (often 
1—2 per cent, or less) and not seldom it is completely absent. It appears 
more logical, therefore, for the time being to regard stearic acid, when present 
as a major component of seed fats, on the same footing as arachidic, lauric, 
erucic, petroselinic, and other " specific acids. 

The above argument, of course, is intended to apply only to the stearic 
acid of vegetable fats. We saw that in the case of animal reserve fats 
(Chapter III, pp. 79, 83) there is a very different state of affairs, and that 
there is strong evidence of a very close inter-connection between the stearic 
and oleic acid content of such fats. 

It will be observed that, even within the limits of a single family, there 
are various proportions in which stearic and palmitic acids are found. For 
example, there are several cases (e.g. Azadirachia indica, Calophyllum 
inophyllum, or Calocarpum mammosum fats) in which the palmitic content is 
of the order of about 10 per cent, and the stearic content only 20 per cent, 
or even less ; in another group (e.g. Theohroma cacao and Shorea aptera) the 
stearic content reaches 35—40 per cent, and the palmitic content also rises to 
somewhat over 20 per cent. ; whilst there is a third category marked by 
extremely high proportions of stearic acid (50 per cent, or thereabouts) with 
very small amormts of palmitic acid. 

More often than not, linoleic acid is only present in quantity in cases 
where stearic acid forms 20 per cent, or less of the total acids ; but, as indi- 
cated above, the writer prefers to regard this as an instance of the usual 
state of things that, when the total proportion of saturated acids is relatively 
small and of unsaturated acids relatively great, the latter generally includes 
appreciable amounts of linoleic as well as oleic acid. The disappearance of 
linoleic acid when conditions are reversed, and saturated acids preponderate 
in the whole fat, is no more likely to connote conversion of linoleic into 
stearic acid in Allanhlackia or Shorea seed fats than, for example, its con- 
version on similar but unlikely lines into lauric or myristic acids in those of 
Cocos ^ Elceis, or Myristica species {cf. Table 59A and 59B). 

Fats which are made up almost exclusively of stearic and oleic acids, 
with the former often predominating, are confined (according to the existing 
records) to seeds of certain genera of the Guttiferae and Sapotaceae. In 
addition to those for which quantitative data are given in Table 58 (pp. 156— 
158) the following seed fats have also been stated to contain stearic acid 
as the chief saturated component acid, although definite figures are not given : 


Pemtade^tm 
PMtama mmgms 

,, g-kfitm^era 

,, hryis 


GUTTIFERAB 


Hazma kernel 
Maui nut 


SAPOTACE^ 

Kansive nut 

155 


Pacific Is. 

S, America, 
Madagascar. 
Tropics. 
Madagascar. 


Payemi oleijera 


Burma. 
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CHEMICAL CONSTITUTION OF NATURAL FAT: 
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COMPONENT ACIDS OF SEED FATS 

It is to be hoped that further additions will be made to our knowledge 
of the proportions of the component acids in this interesting group of seed 
fats. The presence of large amounts of stearic (and sometimes also palmitic) 
acid, and the fact that oleic acid is practically the only other component, 
not only renders the fatty acid composition of interest, but also makes fats 
of this type especially suitable for the investigation of glyceride structure 
(cf. Chapter VI). 

Perusal of Table 58 suggests that, whilst within any of the families there 
may be considerable variation in the proportions of oleic, stearic, and pal- 
mitic acids in the seed fats, there is a general tendency towards the following 
relations : 

GuttifercB and SapotacecB seed fats : Rich in stearic and oleic ; little pal- 
mitic and linoleic. 

SterculiacecB and Dipterocarpaceca seed fats : Rich in stearic and oleic, 
but also in palmitic acid, the latter frequently about 20 per cent, of the total 
acids ; linoleic acid almost absent. 

JSdeliace^B, ConvolvulacecB, and Verhenaceca seed fats : Less rich in stearic, 
which is, however, still prominent ; moderate proportions of palmitic acid ; 
oleic acid prominent and linoleic acid a frequent component in variable 
proportions. 

The seed fats of the genus Madhuca in the Sapotaceae require a further 
reference. In the first place, these have long been known to the tech- 
nologist as " Bassia fats.'* The term Bassia was originally given to genera 
in two different orders, Chenopodiaceae (1766) and Sapotacese (1771) ; the 
former having priority of date, Gmelin in 1791 assigned the term Madhuca 
to the Sapotacese genera concerned, and systematic botanists have since 
adopted this nomenclature, which is accordingly used here. Next, it will 
be seen that Madhuca seed fats are more variable than those of some other 
genera in this family in their composition, the stearic and palmitic acid 
contents in M. latifolia, longifolia^ and MotUeyana being of somewhat the 
same order, with each ranging from about 15 to about 25 per cent, of the 
total acids.* Finally, the seed fat of M. hudyracea is a complete exception 
to the rest of this genus and of the Sapotacese seed fats as a whole ; its fatty 
acids include 56 per cent, of palmitic acid, and only 3 per cent, of stearic 
acid (the remainder being nearly all oleic add). From the point of view of 
its major component acids, it belongs to the large group dealt with in Table 
52, in which palmitic and oleic adds are major components and stearic acid 
a minor component. Indeed, the palmitic acid content of M, hutyracea 
seed fat is the highest yet observed in any seed fat. 


Seed Fats of which Myristic and Lauric Acdis are Major 

Components 

Medor componmU adds : LAURIC^ MYRISTIC, palmitic, oleic. 

Minor ctnnponent cBdds: Ckpryiic, capric, stearic, linoleic. 

We come, in condudon, to a number of families in which seed fats are 
characterised by low contents of palmitic add and also, more often than not, 
of oldc and linoleic add, but in which the chief component is lauric or 

* The analjrsis of JMf. latifolia s^eed fatty adds by Gill and Shah (Table 58, 
ref- 32) differs from all the other analyse in. this group by including 16 per cent, 
of m^nristic add with 27 pear oCTit. of j^dmitic and only 2 per cent, of stearic add. 



TABLE 59b. COMPONENT ACIDS {WTS. PER CENT.) OF SEED FATS OF THE PALMAS 
Major component acids ; LAURtC, MYRISTIC, palmitic, oleic. 
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COMPONENT ACIDS OF SEED FATS 



TABLE 59c 



The following kernel fats have saponification values 

and iodine 

values 

which indicate probable close resemblance in component fatty acids to those 

in Tables 59 A and 59 B 







Habitat 

Sap. 

Iodine 




Value 

Value 

PALM^ 





Acrocomia Totai 

Paraguay palm kernel 

S. America 

240-247 

24-28** 

{Mauritid) 

Coyol, muriti palm 

Central America 246 

25** 

vinifera 

kernel 




Astrocaryum aculeatum^ 

Aouara, tucum kernel 

S. America 

240-249 

10-14** 

vulgare. 





,, Jauari 

Awarra kernel 

Brazil 

242 

13-15*® 

,, Paramaca 

Paramaca kernel 

Guiana 

257 

14*« 

,, segregatum 



238 

17*« 

Attalea spectabilis 

Curua palm kernel 

W. Africa 

259*5 

8*9*’ 

Bactris acanthocarpa 


Guiana 

238 

15* 

„ Plwneriana 



(chiefly lauric 




acid) 

4» 

Butea bonnet i 

Bonneti palm kernel 

Caucasus 

260 

24®“ 


(Caucasus) 




Cocos Syagrus 

Piririma kernel 

Brazil 

252 


Copernicia cerifera 

Camauba kernel 

,, 

221 

23** 

Elmis melanococca 

Cayau, Noli palm 

Central and 

234 

27-28 ®» 


kernel 

S. America 



Hypfuene Schatan 


Madagascar 

245 

22 *» 

Jub€Ea chinensis 

Honey palm kernel 

Chile 

273 

13** 

Idaximiliana regia 

Cokerite kernel 

Brazil, Guiana 

240-253 

7-16*® 

Roystonia regia 

Cuban royal palm 

Central 

237 

32*« 


kernel 

America 



Scheelea insignis, regia 

Corozo (Mamarron) 

Central 

251 

IQ®« 


palm kernel 

America 



CEnocarpus distichus 

Batava palm kernel 

Brazil 

contains only 1—7 




per cent. 

of oil. 




S.V. 209, I.V, 




55.®’ 


Phoenix dactylifera 

Date kernel 

N. Africa, Canaty contains only 8 



Islands 

per cent; 

of ou. 




S.V. 211. I.V. 




52.®» 


MYRISTICACE.E 





Caelocaryum cimeatum 


Cameroons 

(similar 

to 

33*« 




nutmeg 





buttOT.) 


Myristica argentea 


New Guinea 



„ canarica 

Mangalore butter 

Tropics 

215 

26** 

,, ocuha 


Brazil 

(similar 

to 

es 




nutmeg 





butter.) 


„ platysperma 


Brazil 

240 


Staudtia Kcmwrunensis 


Cameroons 

chiefly myrxstic 




and oleic acids)** 

Virola gimtemalensis 


Central America 

244 

14«* 

bdicheli 



(chiefly mynstic 




and oleic acids)** 

„ sebifera 


W. Indies 



,, sitrinamensis 





,, venezjmlensis 


CentrM America 

221 

12 

TAURACEAB 





AcrodicUdimn mahidm 


Brazil 

272 

20 




(chiefly 




trilaurin)** 

Cirmamorramt camphora 

Camplior seed 

Japan 

284 4-5 

(chidiy 




trilaaarin)’® 



CHEMICAL CONSTITUTION OF Nx^TURAL FATS 
TABLE 59c — continued 



Habitat 

Sae, 

Iodine 

LAURACE^ — continued 


Value Value 

Undera benzoin Fever bush seed 

N. America 

284 

? 



(chiefly 




lauric)’'^ 

,, hypogiauca 

„ pnecox 

„ sericea 

Japan 

223 

274 

256 

597 a 

20^3 

65^3 

„ triloba 

,, 

282 


Lirsea polyantha 

India 

245 

34 

(chiefly 




lauric)^* 

„ StcMrksli 

99 

245 


,, zeylanica 

99 

46 

Japan 

241 

(chiefly 

lauric) 


Machilus Thunbergii 

66 ^° 

Mectamtra Wane 

Guiana 

270 

378 


Ncxte. — Undera and Tetradenia seed fats (Japan) contain small amounts of mono-ethylenic 
Ci 2 and Cl* acids. 


Salw^ra persica Mustard tree India, N. Africa 245 6 ^^ 

myristic acid (or sometimes both of these). The unsaturated acid content 
in a few cases exceeds 50 per cent, of the total acids, but is usually much 
less, in quite a number of instances only amounting to about 10 per cent, or 
even less of the mixed fatty acids. 

The available quantitative data are collected in Tables 59A and 59B. 
The relatively large proportions of saturated acids of molecular weights 
200 and 228, coupled with the presence of relatively small amounts of 
unsaturated acids, cause the mean saponification and iodine values of the 
fats to possess more significance than usual, and render it possible for the 
detailed figures in the table to be supplemented by others, based only on the 
saponification and iodine values, which are therefore given, under their 
re^>ective families, in Table 59c. 

A few notes are desirable with reference to each of the families included 
in Tabl^ 59A, 59B, and 59c. 

Ultnaceae. The peculiarities of the elm seed fats, when contrasted with 
thc^ of the seeds of most of the large trees of temperate climates, were 
r^nark^ when dealing with the latter group (Tables 49 and 50, and p. 129). 
From the two analyses available it seems likely that elm seed fats are 
characterised by the presence of very large proportions of glycerides of 
»«-decaiioic (capric) acid. 

Latxrstece^ This family, from the typical genus of which ^-dodecanoic 
was €»iginally named, elaborates seed fats which in many cases seem to 
oc«rfst v^y largely of lauric, admixed with a smaller proportion of oleic, 
glyc«riEie!S. I>efiiiite quantitative data are, as usual, not forthcoming in 
many cas^ but, when available, fully confirm this statement. The saponi- 
fication and iodine values of the Lauraceous fats listed in Table 59c are 
consonant with the general belief that lauric acid is the major component of 
most of the ^ed fats of this family. The frequent substantial absence of 
other saturated acids renders the Lauracese seed fats extremely simple in 
c<Hnp<«tion, a feature which is also reproduced in some of the Myxisticacese. 

Mjnristikiacesae* Here again the characteiistic acid of the seed fats owes 
its common name to the nutmeg genus Myristica, The seed fats which have 



COMPONENT ACIDS OF SEED FATS 

been studied come mainly from numerous species of the genus in question 
and the allied Virola ; they seem for the most part to be made up of relatively 
little oleic and palmitic acids with predominating amounts of myristic acid. 
As usual, fully quantitative analyses are few and recourse has to be made to 
more general statements, but there is no reason to doubt that myristic acid 
is the chief, often practically the only, saturated component of the seed fats 
of this family. The most recent work points to a minor diference in the 
component acids of seed fats of the genera Myristica and Virola : both seem 
to contain, as a rule, about 70 per cent, of myristic acid, but Myristica 
species have little or no lauric acid whilst Virola species may have 10—20 per 
cent, of lauric acid. Both types may have 10 per cent, or so of palmitic 
acid present in the seed fats. 

Simarubaceae. It seems that, as in Euphorbiaceae and one or two other 
families, this is a case in which seed fat composition is specific to various 
genera rather than to the order as a whole. The Irvingia seed fats for which 
we have data seem to consist of minor amounts of oleic with a mixture of 
myristic and lauric acids as the major component (and thus fall in the group 
listed in Table 59A). Those of the genus JPicramnia, as we have seen earlier 
(p, 144), contain a mixture of acids in which the unusual acetylenic tariric 
acid appears, and those of Picrasma include petroselinic acid (p. 143) as a 
major component ; whilst the analyses of Perreira and Ailanthus fats place 
these in the same large category of pahnitic-oleic-linoleic seed fats which 
was dealt with in Table 52 (pp. 138—140). 

Vochysiaceae. The analyses of a seed fat from this family (Jaboty 
kernel fat) also place it in a class in which lauric, myristic, and palmitic are 
the main saturated acids present in quantity. 

Salvadoraceae. The earlier data of Patel et al. seemed to show that these 
berried shrubs of India and N.W. Asia contained fats remarkably similar to 
those of the Palmse, from which, of course, they are far removed botanically. 
The later study of Gunde, carried out on material specially collected in the 
Punjab by the Indian Forestry Service, indicates, however, that both species 
examined contained almost identical fats, the component acids of which 
consisted of about 50 per cent, of myristic acid with about 20 per cent, each 
of lauric and palmitic acids, and about 5 per cent, of oleic acid. 

Palmae. The seed fats of the pajms are perhaps more striking than those 
of any other natural order of plants, because on the one hand they contain 
an extremely unusual and varied mixture of saturated acids, and on the 
other hand this mixture persists with remarkably little quantitative varia- 
tion throughout the whole family, with very few exceptions. (In the batava 
and date palms, the endosperms only contain small quantities of fat, and the 
saponification and iodiiie values of the latter indicate more unsaturated 
acids and acids of higher molecular weight than in any other instances : 
this may, of course, be due to the presence of more testa fat than usual with 
the endosperm fat.) 

Lauric acid forms 45—50 per cent, of the total fatty acids of most of the 
endosp)erm fats, whilst myristic acid amounts as a rule to about 20 per cent. ; 
characteristic also is the presence, in smaller quantities, of capric and 
capryHc acids, CjoH^oOs and CgHieOg, but the proportions of palmitic and 
stearic acids are respectively only about 7—9 and 2—3 per cent. The extent 
to which these component acids are quantitatively reproduced in the data 
for ten out of thirteen different species (of nine genera) in Table 59 ®» supple- 
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CHEMICAL CONSTITUTION OF NATURAL FATS 

men ted by the average anal^dical characteristics added in Table 59c for 
many other species (practically all of which are close to those of, for example, 
coconut or palm kernel oils, sap. values 250-260 and 243-250, and iodine 
values 8-10 and 15-20 respectively), is extraordinary. 

The figures referred to are, of course, those for the fats present in the 
endosperm of the seed. The thin testa of the seeds also contains fatty matter, 
and the composition of the testa fat is not the same as that of the endosperm. 
This was first noticed by Richardson in the case of the testa fat of the 
coconut, whilst Allan and Moore subsequently found that the testa fats 
of a number of other Palmse seeds were similar in character. The fat content 
of the testa is less than that of the endosperm, and the testa fat contains 
more of the unsaturated, and less of the saturated acids, than that of the 
endosperm. Thus, Armstrong, Allan, and Moore record the following 
component acids for testa and endosperm fats from the coconut {Cocos 
nucifera) : 

Component Acii>s Per Cent. Testa Fat Endosperm Fat 


Caprylic 

2 (?) 

9.5 

Capiic 

2 

4*5 

Laurie 

28 

51-0 

Myristic 

22 

18-5 

Palmitic 

12 

7-5 

Stearic 

1 (?) 

3-0 (?) 

Oleic 

23 

5-0 

Unoleic 

10 

1-0 


The fat content and the saponification and iodine values of the fats from 
the testa and endosperm of various seeds of the Palmse, as given by Allan and 
Moore (/oc. cit.), are shown in Table 60. 

TABLE 60 

Species Common Testa Fat Endosperm Fat 



Name 

Per 
Cent. 
Fat in 
Testa 

Sap. Val. 

IodI Val. 

Per Sap. Val. 

Cent. 

Fat in 

Endosperm 

loD. Val. 

Aitcdea 

Babassu 

49 

232-5 

22-8 

66 

257-5 

10-2 

fmmfcru 

Attain 

mmipm 

Corns' 

Otiricoury 

56 

241 

30-4 

70 

261-7 

10-5 

Coconut 

22-58 

221-241 

21-5-59-7 

55-75 

255-5-262-5 

5 -7-9-3 

wmcifera 

JEmis 

Oil palm 

30-33 

229-5-233-3 

280-29-6 

56 

244 

12-4 



Thus testa fat, in seeds of the Palmae, has a composition intermediate 
between those of the fruit -coat fat and the endosperm fat, but is distinctly 
more aMn to the latter. 


Component Acids of Seed Fat Phosphatides 

Seeds cxMitain phosphatides as well as glycerides, but the amounts of 
phosf^hatidtes are usually very small, and are frequently only about o*i— 0*2 
per €«it. €}£ tliat of the glycerides which are also present.* Doubtless owing 

* GkAlcnrsidL and llaswdikevitsch state that expressed sunflower seed, 
cottousi^ttl, and grofundimt oils contain 0*03 — o*ofl per cent, of phosphatides, but 
that the ^me oils, obtained hy extraction with light petroleum, contained 
somewhat more — 0'”2~~0'*4 per cent. 
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to this circumstance, the fatty acids present in combination in phosphatides 
from the vegetable kingdom have received less notice hitherto than those 
from animal sources. Until Levene and Rolfst> published the results of 
their study of soya bean phosphatides, plant phosphatides were usually 
supposed to be varieties of lecithin and the only acid components which had 
been reported were palmitic, stearic, and oleic — in the lecithins ” respec- 
tively of leguminous seeds,8i sugar cane,S 2 and beet root.ss Levene and 
Rolf,®o in the case of soya bean phosphatides, showed that more than one 
t 3 ^e was present, including products less soluble in alcohol than lecithin, 
and that the phosphatides sparingly soluble in alcohol and also the alcohol- 
soluble forms gave optically active barium glycerophosphate, indicating 
that the phosphoric acid was combined with an «x-glyceiyl hydroxyl group. 
They identified palmitic, stearic and (in the form of bromo-additive products) 
oleic, linoleic, and linolenic acids in the mixed fatty acids ; they concluded 
that in the alcohol-soluble phosphatides (choline compounds) the proportion 
of saturated acids was lower than in animal lecithin, whereas the alcohol- 
insoluble compounds (^-aminoethanol derivatives) showed no marked differ- 
ence in this respect from animal kephalin. 

Recently Jamieson et al.^^ have further discussed the separation of the 
mixture of phosphatidic compounds present in soya beans, and have put 
forward evidence that in the seed the phosphatides may be united with 
carbohydrates in compounds resembling glucosides. On the other hand, 
Rewald 85 holds that, although plant phosphatides are closely associated with 
carbohydrates in the seed, the union is not of a chemical nature, since by 
appropriate physical methods (e.g. extraction from an aqueous emulsion 
with a suitable solvent) the phosphatides can be separated in a relatively 
pure condition and free from either carbohydrate or fat. 

Suzuki et also studied the phosphatides of soya beans, and confirmed 
the presence of alcohol-insoluble '' kephalin " and alcohol-soluble lecithin '' 
derived respectively from )S-aminoethanol and choline. They also 
brominated the phosphatide fractions and isolated various ciystalline deriva- 
tives containing mixtures of fatty acids, from which the presence of '' mixed 
compoimds such as palmito-oleo-, or oleolinoleo-, as well as dioleo- and 
dilinoleo-phosphatides was established. Suzuki and Yokoyama 86 separated, 
by means of cadmium chloride double salts, a- and lecithins from 
soya beans, and studied the mixed fatty acids from each ^oup by bromina- 
tion. They observed the following proportions of palmitic and polybromo- 
stearic acids in each case : 


Acms 

Palmitic 

Oibromosteaiic 

Tetmbromostearic 

Hexabromastearic 


From 

“ a-LECmnN 
24*3 
32*4 
44-2 
1-1 


Frc^ 

jS-LEcrrHTNr ” 
20*1 
53 '8 
24-8 
1'4 


The corresponding proportions of the fatty acids originally present would 
therefore be : 


Acms 

Palmitic 

Oldk 

IJiioileic 

Linolenic 


oj-lJEcrrHiN 


From 

/3-ljEcxnnN 


36-8 

31*3 

31*3 

0*6 


30-2 

51-6 

17-4 

0-8 
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The linoleic acid figures in these results are much lower (and palmitic and 
oleic acids correspondingly higher) than those obtained by other workers ; 
this is probably due to the linoleic acid estimates being based upon the yield 
of crystalline tetrabromo-adduct, which only represents about 50 per cent, 
of the total amount of linoleic acid present( c/. Chapter IX, p. 333). 

Biemair, Bleyer, and Schmidt 87 examined the fatty acids from the 
phosphatides present in barley, wheat, and oats to the respective extents 
of o*i6, 0'I2, and 0*14 per cent. They separated the acids by the lead salt 
method into “ solid ” and liquid portions ; the solid acids were 
mainly palmitic acid, whilst the crystalline tetrabromo-adduct (m.p. 114°) 
of seed fat linoleic acid was readily isolated from all the liquid acids. 
Their quantitative data included the following : 


Phosphatides of: 

F:N ratio 

Yield of fatty acids (per cent.) 

“ Solid ” acids (per cent.) 

“ Liquid ” acids (per cent.) 
IcKiine value of “ liquid acids 


Barley 

Wheat 

Oats 

1:1*01 

1:1*06 

1:1*03 

1:1*02 

69*1 

59*0 

62*4 

62 5 

14*8 

16*7 

16*5 

12*2 

84-6 

83*3 

73*4 

86*1 

ca. 170 

135*0 

141*2 

198*3 


If these data are compared with those for the corresponding Gramineae 
seed fats in Table 53 of this chapter, it will be seen that the proportion of 
saturated acids is somewhat higher in the phosphatide than in the glyceride 
fatty acids, and that the phosphatide unsaturated fatty acids contain much 
more linoleic (and possibly linolenic) acids than the corresponding portions 
of the glyceride acids. 

That linoleic acid is probably the most prominent component of seed 
phosphatide fatty acids is also suggested by detailed analyses (by the ester- 
fractionation method) carried out by Hilditch and Pedelty®® on the acids 
present in soya bean and in rape seed phosphatides. f Table 61 shows the 
molar percentages of the component acids in the alcohol-insoluble and alcohol- 
soluble fractions of soya bean phosphatides, and of the alcohol-insoluble 
fraction of rape seed phosphatides, together with those of the corresponding 
seed glycerides {cf. Table 57, ref. 13, and Table 56, ref. 4, respectively). 


TABLE 61. COMPONENT ACWS OF SOYA BEAN AND RAPE SEED 
GLYCERIDES AND PHOSPHATIDES ^MOL. PER CENT.) 




Soya Bean 


Rape 

Seed 

Myiistic 

jLYCERIDES Phosphatid]K 

Alcohol- Alcohol- 
insoluble SOLUBLE 

1 — — 

Glycerides Phospha- 
tides 
Alcohol- 
insoluble 

— 1 

Pahnifeic 

7 

13 

19 

2 

9 

Steark: 

6 

4 




Araciikiic 

Trace 

1 




As heiihaciic 




1 

1 


* 

10 

6 

* 

2 

Okac 

26 

10 

18 

17 

23 

JLinotec 

54 

53 

52 

29 

44 

Uiictaiic ' 

6 

4 

4 



As uMatiirated 

BriMic * 

— 

5 

1 

51 

20 

♦ About 1 

peromt. of he^mdec^oic acid may also be present. 


"f H^iuscliica and Neumann report 18 per cent, of palmitic, 25—28 per 
cent, of ole^c and 45 per cent- of linoleic acid in rape seed phosphatides, but do not 
mention erucic or hexad'Ocenoic acids. 
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Tinolenic acid is present in both glycerides and phosphatides of the soya 
bean, and erucic acid in those of rape seed ; but the proportion of erucic 
acid in the phosphatide acids is much less than in the glyceride acids. It is 
significant, nevertheless, that in both seeds all the characteristic fatty acids 
of the glycerides are also found in the phosphatides. The proportion of 
saturated acids is, in both instances, higher in the phosphatide than in the 
glyceride acids. In this respect seed phosphatides seem to resemble those 
of animal liver fats {cf. Chapter III, p. 90) ; but it is to be noted that in the 
seed phosphatides the increase is wholly in palmitic acid, whereas in the 
animal liver fats studied the stearic acid content increased in the phospha- 
tides, the palmitic acid percentage being much the same as in the liver 
glyceride acids. This is not unnatural, however, since palmitic is the 
characteristic saturated acid occurring in practically all vegetable fats, 
whereas here stearic acid is only a minor component. 

It is interesting to find hexadecenoic acid present in some quantity in the 
seed phosphatides, for it is present only in very small amounts in seed 
glycerides. The relative amounts of the major component unsaturated 
acids, oleic and linoleic, are probably the most significant in these analyses. 
In both seeds the ratio oleic : linoleic is markedly lower in the phosphatides 
than in the glycerides. In both soya bean and rape seed phosphatides, 
linoleic acid occurs to the extent of double, or more than double, the propor- 
tion of any other acid ; the bromination and oxidation data establish, 
moreover, that it is the form of linoleic acid characteristic of seed glycerides, 
furnishing nearly 50 per cent, of the crystalline tetrabromo-additive product 
of m.p. 114®. On the other hand, linoleic acid only forms about half of the 
total fatty acids. It may perhaps have a specific function in the phospha- 
tides of seeds ; but in the absence of a much wider range of information this 
suggestion is only speculative. 

The chief results indicated above — ^the presence of all the characteristic 
seed glyceride acids in the respective seed phosphatides, and the predomin- 
ance of linoleic acid — ^point to the need for similar detailed analyses of other 
seed phosphatide component-acids before attempting to lay down any 
generalisation. It is, however, clear that comparisons which have been 
made from time to time on the basis of the iodine value alone of mixed fatty 
acids of phosphatides and glycerides are of little value without some form of 
detailed analysis — at the least, a determination of the proportions of saturated 
acids present. 


General Conclusions 

It may be well to conclude this somewhat unwieldy chapter by sum- 
marising the main conclusions which have been reached : 

(i) The almost exclusive fatty components of the leaf, stem, root, and 
fruit-coat of all plants are palmitic, oleic, linoleic (and sometimes linolenic) 
acids ; unsaturation is most evident in the Cxs acids of the leaf, and least so 
in the storage fats of firuit-coat and roots. 

(ii) These acids are also the main components of many seed fats ; but, 
equally, one or more of a number of other acids, saturated and unsaturated, 
is frequently found in quantity in nurnerous seed fats. 

(iii) The fatty (glyceride) components of seeds are specific and doseiy 
related to the families in which the parent plants have been grouped by 
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botanists. It is, indeed, not an exaggeration to say that the component 
acids of seed fats could themselves be made the basis of a system of classifica- 
tion of plants. 

(iv) Seed phosphatides have been relatively little studied. The few 
results available suggest that linoleic acid may be the predominant fatty acid 
in these compounds ; but the characteristic acids of the corresponding seed 
glycerides are also found in relatively smaller proportions than in the latter. 
Seed phosphatides may resemble animal phosphatides in possessing an 
increased proportion of saturated acids as compared with the corresponding 
glycerides, the increase being in palmitic acid in the vegetable, as contrasted 
with increase in stearic acid in the animal kingdom ; also, seed phosphatides 
may contain appreciable amounts of hexadecenoic and (possibly) unsaturated 
C20 acids, these being almost absent in the glycerides. 

(v) Perusal of the tables included in this chapter will indicate the scope 
for further detailed information regarding the component acids of fats from 
all parts of plants. It is not beyond our province, it may be hoped, to point 
out that work of this nature is only useful when it is as quantitative as 
possible, when quantitative data are substantiated by careful evidence as to 
the individuality of at least the chief component acids, and, above all, 
when the identity of the species from which the fat is derived is known with 
certainty. 
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CHAPTER V 


THE COMPONENT GLYCERIDES OF NATURAL FATS: DATA 
OBTAINED MAINLY FROM QUALITATIVE INVESTIGATIONS 

It was emphasised in the introductory Chapter I (p. 14) that the biological 
relationships which are so prominent when the composition of the component 
acids of natural fats are considered have no counterpart in the mode of com- 
bination of constituent acids into mixed triglycerides ; that the fatty acids, 
in fact, seem to be woven into molecules of mixed triglycerides on the same 
general principle, whatever their place of origin may be — vegetable or 
animal, depot (reserve) or tissue (organ) fat — and whatever may be the 
particular nature of acids present as component fatty acids. This cir- 
cumstance renders unnecessary, perhaps, adherence to the sequence followed 
in the three previous chapters devoted to the discussion of the component 
acids of fats from aquatic sources, land fauna, and land flora. At all events, 
in the present state of our knowledge, the presentation of the evidence will 
be made more clear if it follows the chronological sequence of investigations 
of glyceride structure. Until about 1927, such studies were for the most 
part of a qualitative character ; but the consensus of results pointed unmis- 
takably to the prevalence in nature of mixed rather than simple trigly- 
cerides. The quantitative investigations made since 1927 have, as already 
mentioned in Chapter I, confirmed and amplified these conclusions. They 
have been concerned very largely with vegetable seed fats, in which the 
characteristic ''evenly distributed" type of glyceride structure is usually 
remarkably well defined ; whilst modified forms of this structure have been 
observed in some other fats, notably depot fats and milk fats of the larger 
herbivorous mammals. 

It is therefore convenient to discuss the component glycerides of natural 
fats as follows : 

{a) The earlier, mainly qualitative, studies prior to 1927, which form the 
subject of the present chapter ; 

(3) The component glycerides of v^etable fats (Chapter VI) ; 

(e) The component glycerides of animal fats (Chapter VII), 

For what seems an unnecessarily long time after Cfievreul had discovered 
in 1823 that the natural fats were glycerol esters of palmitic, stearic, oleic, 
and other acids, it was more or less tacitly assumed that they were neces- 
sarily mixtures of simple triglycerides such as tripalmitin, tristearin, triolein 
in varying proportions ; although in r86o, when the trihydroxylic structure 
of glycerol had become recognised, Berthelot ^ had pointed out the possibility 
that fats might contain mixed triglycerides. 

This is somewhat amusangly illustrated by an incident which occurred 
only about forty years ago. In 1897 Heise^ announced that mkanyi 
{AUa^acMu SiMmannit) fat yielded by simple crystallisation from an 
appropriate solvent considerable amounts of an oleodistearin, and Henriques 
and Kunne,^ in view of what they termed this " unusual " observation. 
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repeated the work and confirmed his conclusions. A very few years later, 
the work of Klimont, Bomer, and others on the resolution of fats by 
systematic crystallisation from different media presented ample, if some- 
what negative, evidence that the vast majority of natural fats do not contain 
any significant amount of simple triglycerides, and at the present time it 
would be considered very '' unusual '' if a seed fat of the fatty acid com- 
position of that of AUanUackia {cf. p. 212) were found to contain any quantity 
of a simple triglyceride. 

It is rather unfortunate, although consistent with the curious neglect 
which many organic chemists have accorded to the fats as a class, that the 
“ tripalmitin-tristearin-triolein complex is still presented to the elementary 
student of the present day in the pages of a few otherwise accurately informed 
text-books of organic chemistry and also chemical physiology ; at any time 
in the past quarter of a century the case could more accurately, and quite 
safely, have been put as Leathes and Raper ^ express it ; “ the probability 
is that as a rule they " (glycerides in natural products) are mixed/ ^ 

FRACTIONAL CRYSTALLISATION OF SOLID NATURAL FATS 

In 1901 Holde and Stange ^ separated the solid fractions deposited from 
a solution of olive oil in ether at — 40® and recrystallised them from ether- 
alcohol at — 40° and subsequently at o®. They thus obtained a mixture 
of solid glycerides which melted at 30—31° and had an iodine value of 29*8 
and saponification value of 196. The saturated acids present in this fraction 
melted at 52-61° (mean molecular weight 265*4) ^.nd the unsaturated acids 
had an iodine value of 90*0 (mean molecular weight 282) . This corresponds 
with a molecular ratio of almost exactly two parts of saturated to one part of 
unsaturated* 

In 1902 Fritzweiler ® crystallised cacao butter from chloroform and ether- 
ala>hol and obtained 6 per cent, of a glyceride (m.p. 44*5—45°) which 'he 
identified as oleodistearin. The same glyceride together with oleodipalmitin 
(m.p. 37—38°) was also isolated in small quantities from this fat by Klimont, 
who used acetone-chloroform and alcohol-ether as solvents ^ ; at first he also 
reported the presence of oleopalmitostearin, but withdrew this statement 
later, although in the light of modem work it may well be that it was well- 
founded, Klimont also isolated apparently the same oleodistearin and 
oleodijmlmitin from Borneo tallow s and stillingia (*' Chinese vegetable **) 
tallow ® and considered that the similarity between all three fats in texture 
and other physical properties was due to the presence in each case of con- 
aderable quantities of oleodistearin and oleodipalmitin. From the fact that 
rraaoval of a solid fraction by crystallisation left a dissolved residue not 
maAedly higher in iodine value than the original fat, he also deduced that 
trk>lein was not present to any considerable extent. 

In 1909 Klimont isolated stearodipalmitin, m.p, 59-60°, from duck fat 
and from goc^ fat and proved that triolein was also present in duck fat ; 
aiKi in 19^2 he stmilarly shiiiisred that the simple triglyceride trfpalrnitin 
{m.p. 61-5°) could be isolated by fractional crystallisation from rabbit fat. 

From about 1907 onwards Bomer and his co-workers were occupied with 
similar systematic crystallisations of various animal and vegetable fats; 
in Bomer's hands the methcwi waS' f^ to an extraordinary degree, 

and in some cases many hundreds crystallisations were involved in the 

182 
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examination of a single fat. Although in many cases the quantitative 
results obtained were perhaps hardly a recompense for the enormous amount 
of tedious manipulation which must have been involved, they served to 
prove that the natural fats were built up for the most part of mixed glycerides, 
and that the old conception of fats as mixtures of simple triglycerides was 
in no case even approached ; moreover, in some cases, it was found possible 
to give an approximate estimate of the amount of some of the higher 
melting and more sparingly soluble components present. 

Thus, in the case of mutton tallow, 12 the isolation of 3 per cent, of 
tristeaiin, and 4-5 per cent, of dipahnitostearin (m.p. 57*5^^) with palmitodi- 
stearin (m.p. 63*6°) was achieved (Hansen is and Kreis and Hafner had 
previously obtained palmitodistearins from mutton and also from beef 
tallow). Bomer also isolated 3 per cent, of palmitodistearin (m.p. 68®) 
and 2 per cent, of dipahnitostearin (m.p. 58°) from lard, whilst Amberger 
and Wiesehahn,!® in another investigation of lard in 1923, observed the same 
proportions of these components, together with 2 per cent, of oleodistearin 
(m.p. 42®), II per cent, of oleopalmitostearin (m.p. 41°) and 82 per cent, of an 
oil which they believed to consist mainly of dioleopalmitin. 

Further applications of the direct fractional crystallisation of solid 
animal fats are the study of butter fat by Amberger 1^ and further examina- 
tions of goose fat {cf. Khmont, p. 182) by Amberger and Bromig is and by 
Bomer.i^ Amberger isolated small quantities of palmitodistearin, dipalmito- 
stearin, oleodipalmitin, and butyropalmito-olein from butter fat and also 
indicated that about 2 per cent, of triolein and some but3u:odiolein were 
possibly present. In goose fat Amberger and Bromig detected dipalmito- 
stearin, oleodipalmitin, dioleopalmitin, and possibly triolein, whilst Bomer 's 
results led him to suggest that its probable composition was triolein about 45, 
dioleopalmitin about 30, dioleostearin about 5, dipahnitostearin (m.p. 
57«6®) 3—4 per cent., and a very small amount of palmitodistearin (m.p, 
^3*5°) »’ except in the cases of the palmitosteaiins, the numerical percentages 
quoted are probably only a rough indication of the actual amount of the 
individual components. 

In 1920, with Baumann,20 Bomer studied coconut fat, from which he 
failed to isolate any trilaurin, but obtained evidence of the presence of much 
dilauromyristin (m.p. 33°) with smaller amounts of laurodimyristin (m.p. 
38®) and dim5nistopalmitin (m.p. 45®), traces of dipahnitostearin (m.p. 55®) 
and a considerable quantity of a most-soluble fraction (m.p. 15°) which he 
believed to be caprolauromyxistin (but which the more recent work would 
indicate to be a complex mixture of the still unresolved more soluble com- 
ponents of the fat). In 1924 Bomer and Schneider 21 published similar 
results for palm kernel fat, again finding considerable amounts of dilauro- 
m5nistin (m.p. 33®), with less laurodimyristin (m.pr' 40®), dimyristopalmitin 
(m.p. 45°), and myxistodipalmitin (m.p. 51®) and, again, no evidence of 
trilaurin ; the greater part of the fat remained as a most-soluble residue 
(m.p. 14°) which these workers believed to be capromyristo-olein (this 
condusim again, in view of later work, was probably not weU-founded) , 
Finally, in 1928, Bomer and Ebach 22 d^nonstrated that when trilaurin or 
trimyiistin is present in appreciable quantity in a fat, isolation by their 
crystallisatioii procedure presents no difficulty, since they obtained about 
30 per cent, of trilaurin firom the i^ed fat of JLxiwrus fwbUis and about 40 per 
cent, of trimyristin from nutm^ twitter. Bomer's last study 2® of this 
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kind, published posthumously in 1938, dealt with the similar distillation 
and fractional crystallisation of the glycerides of babassu fat, another Palmae 
seed fat which was shown to contain much dilauromyristin, some quantity 
of laurodimyristin, and small amounts of dimyristopalmitin. 

The presence in nutmeg butter and laurel kernel oil of large proportions 
of simple triglycerides such as trim5nistin and trilaurin, and the occurrence 
of small proportions of tripalmitin in certain fats, notably olive oil, palm 
oil or rabbit fat, may seem at first sight to make the glyceride structure of 
natural fats still more confused and bewildering. In nearly aU cases in 
which simple triglycerides have been observed, however, it soon becomes 
clear that their presence is a secondary effect conditioned by the predomin- 
ance of a particular saturated fatty acid in the fat in question. Thus the 
principle of even distribution ** operates almost to the full limits in the 
case of nutmeg butter ; but, since myxistic acid forms about 75 per cent, of 
the total component acids of this fat, it necessarily follows that a considerable 
amount of this must be present as trimyristin, over and above the portion 
present in association with the other acids (oleic, etc.) in the form of mixed 
myristo-glycerides. Again, in instances where palmitic is practically the 
only saturated acid present, and in which the proportion of fully saturated 
glycerides, although small, is somewhat higher than if the saturated and 
unsaturated acids were completely distributed as mixed saturated-unsaturated 
glycerides, the fully saturated components are perforce essentially tripal- 
mitin ; this accounts for the presence of the latter in small quantities in 
oHve or j>aim oils, etc. 

Prior to Bomer's studies, Krafft 24 had separated trilaurin from laurel 
kernel fat, and trimyristin from nutmeg butter, by partial distillation of the 
fats in a high vacuum. Similarly, Caldwell and Hurtley 25 had attempted to 
isolate some of the supposed simpler glycerides present in coconut fat or in 
butter fat by partial fractional distillation of these fats in the vacuum of the 
cathode light. In his work on coconut and babassu fats, and also on laurel 
kernel fat and nutmeg butter, B 6 mer 20, 22, 23 also employed partial dis- 
tillation in a vacuum as a means of separating the constituents of smallest 
molecular size. In this way he was able to obtain distillates which contained 
considerable amounts of the mixed glycerides of lower molecular weight 
(lauromyristins, and so forth) which were present in the original fats. This 
procedure facilitated the subsequent application of the fractional crystallisa- 
tion procedure, and indicates a useful extension in the technique of these 
methods. With the pressures available, it was not possible to distil without 
decomposition the mixed glycerides of average equivalent about 280 or 
above containing oleic or linoleic acids as part of the molecule. Nevertheless, 
the Faults obtained by Bdmer and his co-workers point to the possibility of 
more extendi use of the principle of fractional distillation of glycerides, as 
well as of their fractional crystallisation, as further developments are made 
in the production of apparatus h>r distillation at extremely low pressures, 

IHRACTIONAL CRYSTALLISATION OF COMPLETELY 
HYDROGENATED FATS 

In 1^0 Amborger 2« submitted completely hydrogenated rape seed oil to 
fractional crystallisation and isolated stearodibehenin in quantity, thus 
indicating the presence of corresponding amounts of oleodierucin in the 
original fat ; in 1924, with Bauch,27 he made a similar examination of 
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hydrogenated cacao butter and of the original fat, from which it was sug- 
gested that the latter contained traces of tristearin and j8-palmito-aa- 
distearin, 25 per cent, of oleo-a)8-distearin, 20 per cent, of ^S-palmito-oleo- 
stearin and 55 per cent, of a-palmitodiolein, but these figures do not agree 
in all respects with the most recent results {cf. Chapter VI, p. 209), 

Bomer and Engel fractionally crystallised hydrogenated chauhnoogra 
oil and isolated 79 per cent, of dihydrochaulmoogro-didihydrohydnocarpin 
and 13 per cent, of dihydrohydnocarpo-didihydrochaulmoogrin ; the 
component fatty acids of the fat contained 40 per cent, of chaulmoogiic 
and 59 per cent, of hydnocarpic acids and consequently the observed mixed 
glyceride composition conforms closely with that which would be expected 
from the general results obtained by the quantitative investigations of the 
constitution of seed fats {cf. Chapter VI, pp. 189-192). 

The examination of partially or completely hydrogenated fats (with 
reference to the amount and component acids of the fully saturated glycerides 
produced in the former case, or to the proportions of tristearin present in the 
completely hydrogenated products) has also been carried out in many 
cases in connection with the quantitative studies which are discussed at some 
length in Chapters VI and VII. This method of examination will accordingly 
receive further attention in the succeeding chapters. 

FRACTIONAL CRYSTALLISATION OF BROMINATED 
GLYCERIDES FROM LIQUID FATS 

A modification of the crystallisation method has recently been adopted 
with some success, namely, the bromination of unsaturated fats in light 
petroleum, followed by isolation of various individual bromo-glyceiides by 
crystallisation from various solvents. This procedure which, like those 
already mentioned, gives resxilts mainly qualitative in character, has already 
thrown considerable light on the t5q>es of glycerides present in a wide variety 
of drying oils. 

In the important case of linseed oil, Eibner,29 with Widenmeyer, Schild, 
and Brosel, isolated the bromo-adducts of ct-linoleo-di-a-linolenin, ^-linoleo- 
di-a-linolenin (m.p. 143—144°), and oleo-dilinolenin (m.p. 72— 73*5°). Eibner 
suggested that the last-named may account for all the oleic acid in the oil, 
whilst linoleo-dilinolenin is probably the chief drying principle ; he also 
pointed out the probability that all oleic acid present is linked with linoleic 
or linolenic acids, thus disposing of the view that its presence in linseed oil 
is a deterrent to the drying qualities, 

Suzuki and Yokoyama also reported the isolation from linseed oil of 
brominated glycerides derived from a dilinoleo-linolenm, two linoleo- 
diUnolenins, two linoleo-dioleins, a dilinoleo-ol^n, oleo-linoleo-stearin and 
oleo-linoleno-stearin ; whilst in soya bean oil they have similarly obtained 
evidence of the presence of dilinoleo-linolenin, linoleo-dilinolenin, oleo- 
dilinolein, linoleo-diolein, and oleo-Hnoleno-stearin. Hashi 5 i arrived at 
similar conclusions, identifying in addition the presence of dipalmito-olein 
and oleo-dilinolein. Simple triglycerides were not reported. 

Suzuki and Masuda applied the fractional crystallisation process of 
brmninated glyoadd^ to marine animal oils, including whale oil and cod liver, 
herring, sardine, salmon, shark liver, sand eel, and cuttL^ish oils. In ad 
these cases the results disclo^d a most complex mixtmp of unsaturated 
glycerides (ten or more different bromo-derivatives haying been isolated 
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from some of the fats) ; hexadecenoic, oleic, linoleic, and the unsaturated 
acids of the C20 and C22 series are linked, two or three at a time, in numerous 
combinations, but simple triglycerides appear to be absent. 

The evidence obtained by those, especially Bomer, IClimont, and 
Amberger, who devoted such painstaking study to the simple fractional 
crystallisation of solid fats points unmistakably to the substantial absence of 
simple triglycerides from any of the fats they studied, with the sole exceptions 
of laurel oil and nutmeg butter (which must be regarded, for reasons already 
stated, as special cases). 

The whole of the investigations referred to above — ^whether of natural 
solid fats, of hydrogenated natural fats, or of the bromo-additive products of 
natural fats — were based essentially upon attempted separation of triglycer- 
ides by the physical method of crystallisation. The results obtained were 
almost wholly qualitative in character, and in only a few instances led to 
even an approximate statement of the proportion of any individual mixed 
triglyceride present. Nevertheless they are in themselves sufficient to 
demcmstrate conclusively the generalisation that seed fats are mixtures of 
mixed triglycerides, and that the occurrence of simple triglycerides is quite 
exceptional. 
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CHAPTER Vr 


THE COMPONENT GLYCERIDES OF VEGETABLE FATS 

From about 1927 onwards, more deiinitely chemical methods of attack upon 
the problem of glyceride structure have been employed in place of or in 
conjimction with the partial separation of triglycerides by crystallisation 
from solvents. These methods, developed for the most part at the University 
of Liverpool by the writer and his collaborators, usually lead to more or less 
quantitative statements of the different component glycerides present in 
natural fats, or at least define the limiting proportions of different groups of 
component glycerides. In a number of instances it has now become possible 
to give approximate figures for the proportions of each of the main component 
mixed glycerides present in natural fats, whilst in a few cases the configura- 
tion of individual mixed glycerides such as, for example, jS-oleodistearin or 
jS-paJmito-oleostearin can be stated with some confidence. Both vegetable 
(seed and fruit-coat) and animal (depot and liiilk) fats have been studied 
quantitatively or semi-quantitatively by these methods ; the number of 
fats so investigated naturally falh far short of that of the fats whose com- 
fx>nent acids have been quantitatively determined (Chapters II, III, and IV), 
but is sufficient to define clearly the modifications in glyceride structure 
which are characteristic of different groups of natural fats. In the present 
chapter the information obtained by the more recent methods regarding the 
component glycerides of seed fats and fruit-coat fats will be considered, first 
from a general standpoint,* and subsequently with reference to the more 
important fats in each of the two groups. 

The modem methods of investigation have evolved somewhat as follows : 

I. Determination of the proportion of fully saturated glycerides present in 
natural fats. 

II. Determination of the tri-imsaturated Cig glycerides (oleic +lhioleic, 
etc.) in liquid fats : 

(a) By estimation of the tristearm content of the completely hydro- 
genated fat ; 

{b) By study of the glyceride composition of the fat after hydrogenation 
to varying extent. 

III. More detailed examination of the component glycerides in solid 
seed fats by separating the latter into fractions varying in solubility in 
acetone, each fraction b^ng examined separately for its fatty acid composi- 
tion, fully saturated glyceride content, content of tri-unsaturated Cig 
adds, etc. 

Method I has led to full coiifirrnaticMi of the tendency to mixed glyceride 
formation revealed by the physical stalies of previous investigators {cf. 

* The general discussion (pp- 137—5205} is snt^tantially the same as that 
given by the author in a review of this subject communicated to the Fortschritte 
der Ckemie organised 1, pp. 24-52. ; 

187 , 
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Chapter V), and to the generalisation that the fatty acids are distributed in 
general remarkably evenly and widely amongst the glycerol molecules. 
In the liquid fats in which oleic and other imsaturated acids predominate, 
the absence of fully saturated glycerides merely establishes one aspect of 
this even distribution,’* but the application of methods II {a) or {b) to 
these cases has shown that the proportion of tri-unsaturated Cis glycerides is 
uniformly much closer to the lowest possible than to the highest possible 
values (calculated from the fatty acid compositions), thus again establishing 
a maximum degree of association between saturated and unsaturated acids 
in the form of mixed saturated-imsaturated triglycerides. Finally, pre- 
liminary resolution of some of the simpler solid seed fats by crystallisation 
from acetone at o° into fractions in which either the mono-oleo-disaturated 
or the dioleo-monosaturated glycerides respectively predominate (method 
III) has permitted detailed quantitative statements to be given for the 
proportions of at least the major component mixed glycerides present. 
The compositions thus arrived at experimentally are not far removed from 
those which can be deduced from certain simple arithmetical considerations 
from the composition of the total fatty acids in these fats, and it would appear 
that, so long as a fat containing only three or four major component acids 
is known to be assembled on the hnes of what has been termed '' even 
distribution,” the proportions of the chief mixed glycerides present may be 
capable of prediction within approximate limits without recourse to the 
lengthy experimental determination of its glyceride structure. 


DETERMINATION OF THE FULLY SATURATED GLYCERIDE 
CONTENT OF A FAT * 

In 1927 Hilditch and Lea 1 showed that when a fat is oxidised in acetone 
solution with powdered potassium permanganate all glycerides containing 
one or more unsaturated acyl radicals are ultimately converted into the 
corresponding azelao-glycerides (in the case of oleo-, linoleo-, linoleno- or 
elseostearo-glycerides), whilst the completely saturated glycerides remain 
unattacked. If the possible combinations of glycerol wdth a saturated fatty 
acid (S.CO^H) and an unsattlrated (e.g. oleic) acid (U.CO2H) be considered, 
it will be seen that the following products may arise : 


Felly saterated 


Tticidhi 


Original Glyceride 

CaH 5 <:o.CO.S), 

(O.CO.S)* 

(O.CX).tJ) 

(O.CX>.S) 

(O.CO.U), 

C»Hs<O.CX>.U)a 


Glyceride Product of 
Oxidation 
CsHAO.COSls 

I-* -tr (O.CXJ.S) 

O3W6<C(0.C0.[CHd 7.C0,H), 

C3H5(0.C0.[CHd7.C02H)3 


The add azdaic glycerides usually form a complex mixture which is 
^^Mnewhat drfScult to separate from the unchanged fully saturated glycerides, 
t»cause the alkali salts of the azelao-glycerides are very strong emulsifying 
agCTits (especmlly those of the monoazselao-derivatives, which in addition 
are in ether' as well as in water}. Dy taking smtable prC'Cautions 

duru^ the removal of the acid aaelao-glyceiides by washing with alkali it is, 

* Foe details of the experimental technique used in the study of glyceride 
structure, see Chapter XI, pp. 405—41^. 
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however, quite possible to recover quantitatively the unchanged fully 
saturated glycerides. 

If the component glycerides of a fat are considered with respect to the 
two groups of fatty acids, saturated (S) and imsaturated (U), it is evident 
that the following types of triglyceride {G=glyceryl residue) may be present : 

GSa, GSaU, GSU2, GU3 

The proportion of fully saturated glycerides (GS3) leaves three possible 
group components to be estimated. If the component acids of the original 
fat and of the fully saturated portion are known, the amounts of the saturated 
acids linked in mixed glycerides with unsaturated acids can be deduced. 
This (molecular) " association ratio," as it has been termed, of saturated to 
unsaturated acids in the non-fuUy saturated portion of the fat permits the 
proportions of any two of the groups GS2U, GSU2, GU3 to be calculated if 
one of them is absent or its amount known ; or, alternatively, indicates 
limiting values between which the content of each of these groups must lie. 

In the communication referred to, Hilditch and Lea 1 stated that cotton- 
seed oil, with 25 per cent, of saturated acids in its total fatty acids, contained 
negligible amounts of fully saturated glycerides ; and that the respective 
fully saturated glyceride contents of cacao butter and a specimen of mutton 
tallow * were 2 per cent, and 26 per cent., although their component fatty 
acids were very similar, namely, about 25 per cent, palmitic, 35 per cent, 
stearic and 40 per cent, oleic (including 1—2 per cent, of linoleic) acids. 

Similar studies of coconut and palm kernel oils, and of other seed fats of 
high total saturated acid content, were next made by Collin and Hilditch 2, 3 ; 
out of a total number of eleven seed fats examined, all but two f conformed 
with the “ rule of even distribution in that fully saturated glycerides did 
not appear in quantity unless the proportion of saturated acids in the total 
fatty acids exceeded about 60—65 cent. Since then, the fully saturated 
glyceride contents of many other seed and fruit-coat fats have been deter- 
mined, and no further marked exceptions to the general rule enunciated have 
been found. The results of most of these studies are expressed graphically 
in Fig. 2, and a summary of the quantitative data on which the graph is 
based is given in Table 62. 

* The much higher content of fully saturated components (relative to the 
proportion of saturated acids in the total acids of the whole fat) in the case of 
the sheep depot fat was subsequently found to be characteristic for the depot 
fats, and also for the milk fats, of most of the common herbivorous mammals 
(oxen, buffalo, sheep, pigs, goats). These represent special cas^ of glyceride 
structure which form a distinct group by themselves, as will be seen in Chapter 
VII. It may, however, be pointed out here that they represent a particular 
development of the general lines of glyceride structure which appear to operate 
throughout natural fats, and are not in any sense contradictory thereto. For 
instance, in spite of the frequently high proportion in such fats of fully saturated 
glycerides, the latter are almost wholly still of the mixed type, e.g. palmito- 
stearins, and simple triglycerides such as tripalmitin or tristearin are almost 
completely absent. 

t The exceptions were the seed fats of JLaurtts nobilis and JMyristica 
harica. The latter is also exceptional in its content of resin acids, some of which 
appear to be in combination with glycerol. In laur^ oil, the abnormally high 
quantity of fully saturated components is substantially trilaurin, and the 
remainder of the acids present (chiefly palmitic and oleic) appear to be evenly 
distributed in the usual manner. 
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TABLE 62 


CJMBER 

Species 

Fat Saturated 

Fully- 

“ Association 

ON 

'ic. 2 

Acids in 
Totau 
Fatty 
Acids 
Per Cent. 
(Mol.) 

Seed Fats 

Saturated 

Glycer- 

ides 

Per Cent. 
(Mol.) 

Ratio” * in 
Mixed 
Saturated- 
unsaturated 
Glycerides 

1 

Cocos nucifera 

Coconut oil 

93'9 

86 

1-3-1 -4 

2 



92*9 

84 

1-4 

3 

Irvingia Barter! 

Oika fat 

91*7 

81 

1-3 

4 

bfanicaria saccifera 

— 

91-6 

82 

1-2 

5 

bdyristica fragrans 

l>Tutmeg butter 

90*2 

73 

1-6 

6 

Astrocaryum Tucuma 

Tucuma fat 

88*0 

73 

1-25 

7 

Acrocomia sclerocarpa 

Gni-gru fat 

86-3 

69 

1-3 

S 

E-lcris guineensis 

Palm kernel oil 

85*3 

66 

1*3-1 -4 

9 

Shorea stenoptera 

Borneo tallow 

62-9 

5-1 

1-6 

10 

»» 

99 99 

62-8 

4-5 

1-5 

!1 

JMfadhuca butyracea 

Phulwara butter 

62-4 

8 

1-4 

12 

Palaquiian 

oblongifolium 

Taban Merah fat 

60-2 

1-8 

1-5 

13 

Theobrama cacao 

Cacao butter 

59-8 

2-5 

1-4 

14 

Garcinia indica 

Kokum butter 

59-0 

1-5 

1-4 

15 

Myristica malabarica 

— 

59-2 

19 

1-0 

16 

*» *» 

— 

56-2 

16 

I-O 

17 

JLcmnts nobilis 

Laurel kernel 

58-5 

40-5 

0-4 

18 

Alkmblackia 

Stuhlmanmi 

Mkanwi fat 

55-6 

1*5 

1-2 

19 

Nepkelium mutabile 

Pulasan fat 

55-3 

1-5 

1-2 

20 

Canaarium commune (?) 

Java almond fat(?) 53-4 

1-8 

1-1 

21 

Caryocar villosum 

Piqui-a 

53-1 

2-5 

1-1 

22 

Pentadesma butyracea 

— 

51-6 

3*0 

1-0 

23 

Garcirda morella 

Gamboge butter 

50-5 

2-7 

1-0 

24 

99 *9 

99 

49-4 

2-0 

0-9 

25 

Mep3telium Jappaceum 

Rambutan fat 

49-0 

1-4 

0-9 

26 

Hodg^nia capniocarpa 

— 

47-8 

2-7 

0-9 

27 

JButyrosperjman Parkii 

Shea fat 

46-3 

4-5 

0-8 

28 

»9 9* 


45-1 

2-5 

0-8 

29 

bfadhuca latifolm 

Mowr^ fat 

43-4 

1-2 

0-8 

30 

ScMeichera triji^a 

Kusumfat 

34-6 

1-2 

0-6 

31 

Azadirachta indica 

Neem oil 

32-0 

0-6 

0-6 

32 

Gossypium hirsutum 

Cottonseed oil 

27-3 

less than 1 

0-3 

33 

Armrhis hypcgeea 

Groundnut oil 

15-5 

» » 1 

0-2 

34 

Sesarman imMcum 

Sesame oil 

14-9 

,, ,, 1 

0-2 

35 

Th&x sinensis 

Teaseed oii 

lO-O 


0-1 

36 

JBkiassdca campestris 

Rape oil 

Fruit-coat Fats 

3-6 

99 99 1 


m 

StiUu^ia s^bifera 

StiHingia tallow 

72-5 

28-4 

1-6 

b 

99 99 

99 99 

68-4 

23-9 

1-4 

c 

Eltms gmimeensis 

Palm oil, 

Belgian Congo. 

50-9 

10-3 

0-8 

d 


Palm oil, 
Sumatra. 

51-2 

2-0 ^ 

1-0 

m 


Palm oil, 

Belgian Congo. 

49-6 

6-5 

0-8 

f 

»» »» 

Palm oil, Malay 

49-2 

9-5 

0-8 

S 


Palm oil, 
Cameroons. 

49-1 

8-3 

0-8 

h 


I^lm oil, 

Hrewin. 

46-6 

7-4 

0-7 

i 

»» 

Palm oil. 

Cape Palmas. 

41-5 

3-4 

0-.7 

3 


Pkpii-a Pericarp 

45-9 

2-3 

0-8 

k 

'Owjrwpf cmmmmm ^ 

Pericarp 

38-7 

1-0 

0-6 

1 

ZamusmdMBs 

Laundl berry 

25-4 

3-0 

0-3 

m 

Giesammcypmi 

0#vec^ 

13-8 

2-0 

0-1 


. “ AssocialMil mtio’*’: Mcjfe. satemted ac»d assooat^ with one mol. unsatnrated 

i^id m izfficed sa^mit^-umatuxated g'lyrmdes. 
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It win be seen from Fig, 2„and Table 62 that, rnitil the saturated acids in 
a seed fat amount to about 60 per cent, of the total fatty acids, the propor- 
tion of fully saturated triglycerides is insignificant. It so happens that 
there are few seed fats in which saturated acids form between 60 and 80 per 
cent, of the total fatty acids, but eight examples have been studied in which 
these form from 85—94 cent, of the total acids. In each of these cases 
the proportion of fully saturated glycerides is large, but at the same time it 
is such that the molar ratio of saturated to unsaturated acids in the mixed 
saturated-unsaturated part of the fat is approximately constant at about 
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Scd:urated acids in total acids -mo/s, \ 
Fig. 2. 


1*3 or 1*4 to I . In other words, in the mixed saturated-unsaturated glycerides 
the saturated acids amount to nearly 60 per cent., or slightly less, of the mixed 
fatty acids present in this part of the fat. In F%. 2, the broken line repre- 
sents the relationship between the fully saturated glyceride content and the 
proportion of saturated to unsaturated acids in the whole fat which would 
obtain if the acids were distributed (when the proportion of saturate acids 
exceeds about 58 j>er cent.) so that as great an amount as possible of the 
trigly<^rides contained an average proportion of 1-4 mols. of saturated to 
I mol. of unsaturated acid in combination, the excess above this ratio of 
saturated acids appearing, of cour^, in the form of fully saturated triglycer- 
ides. (This ratio corresponds with a mixture of about 3—4 mols. of mono- 

3:01 
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unsatnrated-disaturated glycerides with i mol. of di-unsaturated-mono- 
saturated glycerides.) 

The general regularity with which the experimental findings approximate 
to this relationship in the seed fats indicates the strikingly uniform manner 
in which the constituent acids are assembled in these natural triglycerides, 
and also illustrates very well the operation of what has come to be termed the 
" rule of even distribution " in glyceride structure. 

In the fruit-coat (pericarp, etc.) fats the generalisation appears not to 
hold so completely as in the seed fats. In the fruit-coat or pericarp fats of 
Caryacar and Stillingia the data accord exactly with the '' even distribution 
rule, but in olive, laurel berry, and palm oils there is usually a somewhat 
higher content of fully saturated triglycerides (in these cases tripalmitin, 
since palmitic forms almost the whole of the saturated acids present) than 
is consistent with the operation of this principle to the extent usually observed 
in the seed fats. On the other hand, as 'will be seen later, the remainder 
(i.e. the mixed saturated-unsaturated part) of these fats appears to be 
assembled on the usual lines. Relatively few examples of fruit-coat fats 
have yet been available for study, and it is hardly possible to say, on the 
evidence at present to hand, whether the strictly " evenly distributed 
t57pe is more common, or not, in this group of vegetable fats. 

It has already been said that glyceride structure appears to be quite 
independent of the particular acids which are present. This is particularly 
well shown by the seed fats quoted in Table 62 which contain from 43 to 
63 per cent, of saturated acids in the total fatty acids, and which also^ it so 
happens, include several different saturated acids amongst their major 
component acids. It is therefore interesting to consider these fats in some- 
what greater detail (Table 63). 


Seei> Fat 


BoriKO tallow 

Phtilwara Imtter 
Fkiiaiquimn obkysf^Jblium 
Cacao btittcr 

StiMmcumit 
Neji^mUam irmtabile 
Ckmmrmmi ctmmwme (?) 
Cary&cm' 

JPamlade^mm brntyrm^^a 
Iappm:mim 


TABLE 63 


Cc^cPONENT Saturated Actds 

Per Oent. (Mol.) 



Saturated 

Acids 

IN Total 
Acids 

Per Cent. 
(Mol.) 

Fully- 
Saturated 
Glycerides 
IN Fat 

Per Cent. 
(Mol.) 

Cx4 


Uis 

U20 

— 

19-5 

42-4 

1-0 

62-9 

5-1 

1*8 

23*3 

37-5 

— 

62-8 

4-5 

1-6 

57*4 

3-4 

— 

62-4 

8*0 

0*2 

6-5 

53-5 

— 

60-2 

1-8 

— 

24-3 

35-5 

— 

59-8 

2-5 

— 

3-4 

52-2 

— 

55-6 

1-5 

— 

3-3 

31-4 

20-6 

55-3 

1-5 

— 

11-7 

39-8 

1-9 

53-4 

1-8 

1-6 

50-7 

0-8 

__ 

53-1 

2-5 

— 

5-9 

45-7 

— 

51-6 

30 

— 

2-3 

14-2 

32-5 

49 0 

1-4 

— 

6-3 

40-0 

— 

46-3 

4-5 

— 

9-3 

35-4 

— 

45-1 

2-5 

— 

24-1 

19-3 

— 

43-4 

. 1-2 


In tl» group of fats illustrated in Table 63, the amoimt of fully saturated 
for tite mcKt part indgnificant^ irre^ective of whether the 43-63 
p^ cent, of ^iterated acids in the whole fat consists very largely of one acid 
(eitho: fmlmitic or stearic), or of a mixture of two mturated acids in quantity 
(either palmitic and stearic, or stesaric and arachidic). Sirnilarly, of the 
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fats numbered i-8 in Table 62 (which conform to the same generalisation, 
since their fully saturated glycerides represent the saturated fatty acids in 
excess of the amount necessary to give the approximately constant ratio of 
about 1*4 mols- of saturated per mol. of unsaturated acids combined together 
as mixed glycerides), the predominating saturated acids are lauric (45-50 per 
cent.) and myristic (about 20 per cent.) in the Palmse seed fats (Nos. i, 2, 4, 
6, 7, 8), myristic (about 75 per cent.) in nutmeg fat, and myristic and 
palmitic in dika fat. 


THE GENERAL GLYCERIDE STRUCTURE OF SEED FATS IN WHICH 
OLEIC AND LINOLEIC ACIDS ARE THE CHIEF COMPONENT 
ACIDS 

There are, of course, a very large number of liquid seed fats in which the 
amount of saturated acids is relatively small. In these cases (of which the 
fats numbered 32-36 in Table 62 are typical instances) fully saturated 
glycerides are practically absent or, at" least, present in exceedingly small 
proportions. Whilst this indicates the usual tendency towards " even 
distribution,'’ in so far as the minor amounts of saturated acids in these 
liquid fats are thereby shown to be almost wholly present in the form of 
mixed saturated-unsaturated triglycerides, it does not furnish very much 
direct information as to the composition of the latter. Other methods 
must therefore be devised for this purpose. 

The isolation of various crystalline mixed glycerides formed by addition 
of bromine to unsaturated fats has, as already mentioned* served in the 
hands of Eibner,-^ Suzuki ^ and their collaborators to give a qualitative 
demonstration of the presence of many mixed glycerides of oleic, linoleic, 
and linolenic or saturated acids in linseed oil and soya bean oil ; but this 
procedure has so far not proved adaptable to even an approximately quanti- 
tative treatment. 

Hilditch and co-workers ® have been able to put forward a certain 
amount of general quantitative evidence by investigating the mixture of 
glycerides produced from liquid seed fats when completely or partly hydro- 
genated. In all the instances studied the unsaturated acids of the fats 
belonged practically exclusively to the Cjs series (oleic, linoleic, linolenic), 
and of course hydrogenation methods (involving ultimately the determina- 
tion of stearic glycerides) afford no evidence as to whether the rmsaturated 
glycerides, finally determined in the form of stearic glycerides, were derived 
from oleic, linoleic, or linolenic acids. Nevertheless, two independent 
experimental methods have been worked out which lead to an approximate 
estimate of the triglycerides present in such fats in which all three acyl 
groups are those of Cig acids. Consequently, just as in the more saturated 
fats it has proved possible to obtain quantitative evidence of the distribution 
of the saturated acids, as a class, in contradistinction to the unsaturated 
acids, so it was found feasible to determine, at all events approximately, the * 
content of triglycerides wholly made up of Cig acids in a number of liquid * 
se^ fats. Since the amount of stearic acid in the fats studied was extremely 
small, the results obtained represent, within near limits, the proportions of 
tr%lycerides made up wholly of unsaturated Cis acids which are present. 

If A" is the molar p^centage of acids of the Cig series (almost entirely 
oleic and linoleic) in the total acids of a liquid seed fat of this t3rpe, and if ny 
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is the molax percentage of the saturated, non-Cig acids, the proportion of 
mixed saturated-nnsaturated glycerides must be either 3 y or 6^ (or between 
these limits), according as to whether there are two acyl groups of the non-Cjg 
series associated \%ith one of the (unsaturated) series, or mce v^rsa. The 
amount of triglycerides wholly made up of Cxg acids tri-Cig glycerides 
must therefore lie between the limits of AT — sy and X — 6y (mol. per cent, of 
the fat). Since, in the fats under consideration, the unsaturated Cjs acids 
are greatly in excess of the saturated non-Cig acids, the principle of even 
distribution " would result in the latter being mainly present as mono- 
saturated-di-unsaturated (Cig) glycerides, so that we should expect the 
amount of unsaturated Cja acids present in these mixed glycerides to be much 
nearer the matximum than the minimum. Correspondingly, the amount of 
tri-Cjs glycerides would then be nearer the minimum (X — 6y) than the 
(AT — 3y}. 

One methcMi of determining the content of tri-Cjs glycerides in a fat 
conrists ® in completely hydrogenating a specimen of the fat and separating 
the product into a series of fractions by systematic crystallisation from 
anhydrous ether. Tristearin and palrnitodistearin are thus concentrated 
into the least soluble fractions, and the proportion of tristearin in each can 
fee approximately ascertained from tfee respective saponiBcation equivalents 
of fiWJtions. Tins procedure has been proved to fee fairly relialile for 
saturated fats containing less than about 40 per cent, or more than about 
75 per cent, of tristearin, but is liable to give erratic results when the tri- 
stearin content lies between these limits. It has, however, been applied to 
the cas^ of hydrogenated cottonseed, soya bean, and linseed ods with the 
results shown in Table 64 ; in the table are included the possible limiting 
values for tri-Cis glycerides, derived from the component acids and the known 
absence of fully saturated glycerides, according to whether the non-Cxg 
aods am associated with Ci* acids in the ratio of two of the former to one of 
the latter, or conversely. It will be seen that, in each of the three oils 
stiKiied by this method, the observed content of tri-Cig glycerides is dose 
to the mhiimuin possible, indicating close conformity with the rule of even 
dKtributi<Ma,/' 


TABLE 64, 
3he£> Fat 


PROFORTJOM OF TRFC^s iMAINLY OLEIC ANI> LINOLEIC} 
GLYCERIDES IN CERTAIN LIQUID SEED FATS 

COMPC^MT AcTPS FosaULE LIMITS TrI-C^* 

for Tri-Ci 8 GrYCERioEs 
Per Cusct. (Moc.) Geycerh^es fEsnMATEo a?? 



/ 

A 

\ 


Tristeajrin) 



Stearic 

Unsatur- 

Per Cent. 

Per Ctesrr. 

oil 

25 '4 

1*7 

ated C^B. 
72'9 

(Mol.) 

24-62 

(Mol.) 

24 

S<^hBamusi 

S'4 

5*7 

&5*9 

75-S7 

75. 

Linseed oil 

6*2 

4*0 

89-8 

81-91 

83 


t Ahnpst wholly palmitic acid. 


An ate^»ative method, probab^ fess liable to experimental error but 
v«y' tecirc»B. m execution, is fa prepare a seri'es of p^artly hydr'Ogenated fats 
frci®a th® 3®esd fet and to d^ermine the proportion of fudy saturatesd 

and compon^it ad d s present therdn, for each partly hydro- 

^ I>^Mmiiiattcm of ti» foily saturated glycerides either shows the latter to 
pesuMts aHowaiEic®' to be made for small proportion of saturated, 

^ds whrch may be presoat in. this form. 
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genated fat. From the total component acids in the latter, and the data 
thus obtained, the proportion of each component acid in the non-fully 
saturated glycerides of each fat follows by difference. Now, it has been 
established (Hilditch and E. C. Jones, 9 Bushell and Hilditch that in a 
fat in which disaturated-mono-imsaturated glycerides are present in rela- 
tively small quantities, these reach the state of complete saturation, during 
hydrogenation, before any originally monosaturated-di-unsaturated or tii- 
unsaturated glycerides become completely hydrogenated. There follows a 
period in which the remaining non-fully saturated glycerides consist of a 
mixture of glycerides corresponding with monosaturated(non~Ci8)-di- 
unsaturated(Ci8) “glycerides and tri-unsaturated(Ci8) — ^glycerides in the 
original fat ; whilst at a later stage, and before all of the former have become 
completely hydrogenated (mono-non-Cig, di-Cig-saturated glycerides), tri- 
stearin commences also to appear in the fully saturated portion of the hydro- 
genated fat. 

If, therefore, the component acids of the mixed saturated-unsaturated 
glycerides of each partly hydrogenated fat are calculated in the form 
of a mixture of mono-(non-Ci8)-di-Ci8 glycerides with tri-Cis glycerides, 
the values obtained for the latter will be correct only over the second 
stag! of the hydrogenation process referred to above. In the earliest 
stages, when for example dipalmito-olein may stiU be present, the 
result of such a calculation will be to give a lower value than the truth 
for tri-Ci8 glycerides, since such dipalmito-olein will have been calculated ^ 
as palmitodi-Ci8 glycerides ; in the final stages, some tristearin will have 
been formed, and will therefore be present in the fully saturated glycerides, 
and the estimated content of tri-Cis glycerides will therefore again be low. 
Over the whole series, therefore, the estimates of tii-Cis glyceride content 
will first rise to a maximum, then remain constant for a time, and finally 
again fall. The maximum values, which are usually in good agreement, 
represent the true content of tri-Cis (mainly oleic and linoleic) glycerides 
present in the original fat. 

This method has been applied in the cases of cottonseed,®. ^ gromidnut,^ 
sesame,^ and teaseed ^ oils, and of the liquid fruit-coat fat olive oil ^ with 
the results shown in Table 65. In each fat the estimated tri-Cjs glyceride 
content is close to the minimum possible value, again indicating the tendency 
to ‘‘ even distribution,'' i.e. maximum production of mixed triglycerides. 

It may be added that the results for cottonseed oil confirm thc^e obtained 
from the tristearin content of the completely hydrcgenated fat. In ground- 
nut oil, the presence of saturated acids of higher molecular weight than stearic 
acid prevented the application of the latter method, whilst diflSculties were 
encountered in the determination of tristearin in hydrogenated oHve and 
teaseed oils. With the exception of olive oil, none of fhe^ fa^y pils in 
Table 65 contains appreciable amounts of fully saturated glycetidm ; The 
2 per cent, of fully saturated glyoerides in olive oil has been allowd| for 
before calculating the limiting values possible for the contents of tri-Cig 
glycerides. 

It is quite evident, from the data in Tabl^ 64 and 65, that the principle 
of even distribution " of fatty acids in the mixed ti%lyceride molecules is 
as generally operative in seed, isds in which oleic and linoleic acids predominate 
as in those more saturated fats in whi<^ high proportions of palmitic, stearic, 
and other saturated adds are pr^ent. 
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Morreli and Da\is have proved that a similar state of affairs holds in 
tung and oiticica oils, in which large proportions respectively of elseostearic 
acid and licanic (keto-elasostearic) acid occur. These acids contain a trebly 
conjugated system of ethenoid linkings and, as is well known, the naturally 
occurring ("' a form of each acid or its glycerides is readily isomerised by 
the action of light or suitable catalysts into a geometrically-isomeric ^ 
form of higher melting point and sparing solubiUty. Morrell and Davis 
found that the isomerised, crystalline '‘^-elaeostearin from tung oil (in 
which elseostearic acid forms over 90 per cent, of the component acids) is 
almost pure tri-^-elaeostearin ; on the other hand, the component acids of 
oiticica oil include only about 78 per cent, of licanic acid, and, correspondingly, 
these authors observ^ed that the ^-licanin similarly obtained by isomerisa- 
tion of the oil contained but little tri-)8-keto-elaeostearin, but was chiefly a 
mixture of glycerides in which two keto-elaeostearic groups were associated 
with one saturated, or non-con jugated unsaturated, acid group. This is a 
further example of the fact that glyceride structure is independent of the 
particular component acids which may be present in a seed fat. 

MORE DETAILED DETERMINATION OF GLYCERIDE 
STRUCTURE IN SOLID SEED FATS 

The most recent developments in this field are the determination, within 
approximate limits, of the proportions of each of the most abundant mixed 
glycerides present in fats derived from comparatively simple mixtures of 
acids (i.e. palmitic, stearic, oleic, and linoleic), together with the discovery 
of a formula by means of which the proportions of the major component 
glycerides in an evenly distributed '' fat can be roughly calculated from 
the composition of the mixed fatty acids alone. The procedure involved 
has been applied to cacao butter, mowrah fat, shea butter, phulwara butter, 
Borneo tallow, and kepayang oil and is being employed in several other 
cases. It depends on the fact that systematic crystallisation of such fats 
from acetone at o?, although usually incapable (as earlier investigators 
found) of yielding definite individual mixed glycerides, affords with com- 
parative ease a division of the fat into sparingly soluble portions in which 
iBono-unsaturated-disaturated glycerides predominate, and more soluble 
portions in which the di-unsaturat^ glycerides (and tri-unsaturated glycerides 
when present) are concentrated. The fat is thus divided into two, or at the 
most three, fractions, each of which is investigated as follows : 

(a) the component acids are determined by ester fractionation ; 

{b} a portion is hydrogenated and the tristearin content of the product 
determined ; 

(r) where necessary, the fully saturated glyceride content (and component 
acids) of the fraction is determined. 

FrcMii (a) and (c), the proportions of mono-unsaturated and of di-un- 
^turattti glyceride (or of di- and tri-imsaturated glycerides) in each portion 
of the fat foHow by ^mple calculation. From the tri-Cis glyceride content 
{determined as tristearin in (6) ), coupled with the component acid analyses 
(a), there follow al^ the proportions of mono-Cig and di-Cjg mixed glycerides 
in which the other homolc^ous acid (palmitic) is present. With these data, 
and taowing the general order of solubility in acetone of, for example, 
oleodistearin, dioleosteariri, oleopalmitostearin, oleodipalmitin, and palmito- 
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diolein, it is usually possible to give with some confidence a detailed, approxi- 
mately quantitative statement of the component glycerides in each portion 
of the fat, and therefrom to deduce that of the original fat. 

The procedure is naturally rather complicated, and it is proposed here to 
offer only general illustrations of the method ; details of the technique and 
of the interpretation of the data will be found in communications by 
Hilditch with Stainsby,i2 Ichaporia,^^ Bushell, is, le Green, and Meara 
and Pedelty.^® 

It is of interest, perhaps, in the first place to illustrate the separation 
achieved by crystallisation from acetone in different cases. Table 66 
shows the proportions of each fat obtained in different fractions, and the 
proportions of the component acids in each fraction and in the whole fat. 
For simplicity of calculation, all data employed in these investigations are 
referred to a molar (and not weight) percentage basis. 

Inspection of Table 66 shows that the glyceride fractions least soluble in 
acetone contain not more than 40 per cent, of unsaturated acids, and there- 
fore the amount of di-unsaturated-monosaturated glycerides present does 
not exceed about 20 per cent, and is usually less. In the most soluble 
fractions, however, the unsaturated acid content ranges from 50 per cent, 
up to nearly 70 per cent., and it is evident that glycerides containing more 
than one imsaturated acyl group are concentrated in these portions of the fat. 

We will digress here for a moment to comment on the fact that, in the 
first five fats in Table 66, the greater part of the linoleic acid is also con- 
centrated in the most soluble portions ; in other words, the linoleic acid is 
present almost wholly in glycerides which also contain an oleic acid group. 
This feature, at first glance somewhat remarkable, is in reality merely the 
natural consequence of the operation of the " rule of even distribution " 
coupled with the particular fatty acid composition of the five fats in question- 
In each case, linoleic is a minor component acid, whilst oleic and a saturated 
acid (palmitic or stearic, or both) are major component acids, each of the 
latter contributing 25 per cent, or more to the total fatty acids. Broadly 
speaking, the even distribution '' generalisation will therefore have the 
result that almost all the individual triglyceride molecules will contain at 
least one acyl group of a major component acid — oleic and saturated ; on 
the contrary, in any triglyceride molecules in which the minor component, 
linoleic acid, is present, the latter will only be present as a single (mono- 
linoleo-) group. But, since an oleic group is present in nearly every molecule 
of triglyceride, an oleic group will also be present concurrently in those 
molecules in which there is also a linoleic group. Thus, where linoleic acid 
is a minor component of the whole fat, it is bound to occur in the di- or 
tri-unsaturated glyceride portions, as a mixed linoleo-oleoglyceride. 

The case of kepayang oil, on the other hand, offers a somewhat unusual 
instance of a fat with approximately equal contents of oleic and linoleic 
acids, each of which is here a major component. Consequently each 
plays approximately the same part in the development of the mixed glycerides 
and, as Table 66 indicates, the ratio of oleic and linoleic acids remains much 
the same in both the mono-unsaturated and the di-unsaturated glycerides 
prt^ent in the fat. This means, of course, that in the mono-unsaturated 
group the unsaturated radical may be either ol^c or linol^c, whilst in the 
di-unsaturated group there may be oleo-lino^^~^^$lep-J or 
glycerides (probably all three, with the mixed ^jj^^^ominating) 
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TABLE 66 SEPARATION OF SOLID SEED FATS BY CRYSTALLISATION 

FROM ACETONE 

Fractions obtained from Acetone Whole I 
Crystallisation 



Least 

Soluble 

Inter- 
mediate - 

Most 

Soluble 


CACAO BUTTER 

Olycerides (mol. per cent.) 

26-7 

48-8 

24-5 

100 

Comoonent acids (mol. per cent.) 

Pa.lmitic 

8-6 

32-3 

32-y 

24-3 

Stearic 

55-1 

31-2 

18-5 

35-4 

Okie 

34-8 

36-0 

42-5 

38-2 

Linoleic 

1-5 

0-5 

6-1 

2-1 

MOWRAH FAT 

Glycerides (mol. per cent.) 

21-2 

33-3 

45-5 

100 

Component acids (mol. per cent.) 

Palmiiip 

26-3 

24-9 

22-5 

24-1 

Stearic 

32-1 

20-8 

12-1 

19-3 

Okie 

40-1 

39-8 

47-7 

43-4 

linoleic 

1-5 

14-5 

17-7 

13-2 

SHEA BUTTER 

Glycerides (iekiI. per cent.) 

49-3 

— 

50-7 

100 

Component acids (mol. per cent.) 

Palmitic 

5-5 


7-1 

6-3 

Stearic 

57-1 


23-2 

40-0 

Oleic 

36-5 


62-8 

49-8 

Linoleic 

0-9 


6-9 

3-9 

PHULWARA BUTTER 

GlyceridiK (mol. per cent.) 

72-4 

— 

27-6 

100 

Component ackis (mol. per cent.) 

Palmitic 

65-0 


44-9 

59-4 

Stearic 

2-3 


2-5 

2-4 


31-7 


41-6 

34-5 

linoMc 

BORNEO TALUOW 

1-0 


110 

3-7 

Glycsaides (mc^. per coit.) 

54-0 

32-5 

13-5 

100 

ComixMiait acids (mol. per cent.) 

Palmitic 

12-5 

30-2 

21-8 

19-5 

Stearic 

53-4 

31-7 

24-1 

42-4 

Aracliidic 

1-1 

1-0 

11 

1-0 

Okie 

33-0 

37-1 

51-4 

36-9 

iinol^ 

— 

— 

1-6 

0-2 

iCEPAYANG OIL 

Olyoerktes (mol. per cent.) 

44-2 



55-8 

lOO 

Coe^MX^jt (rrml. par cent.) 

Myrmic ^ 

0-6 


0-6 

0-6 

Patfaiitig * 

44-8 


33-0 

38-2 


15*8 


3-8 

9-0 

Aiadykik: 

0-4 


0-2 

0-3 

Heacadtemme^ 

2-5 


3-1 

2-9 


17-2 


32-1 

25-5 

Xinoibk 

18-7 


27-2 

23-5 


Tile iiMKie of disfrilwitioii of linoldic acid in the glycerides of the fats in 
Tahle ^ thus aSoids a further and somewhat striking example of the general 
operation of the ewem. distribnticm principle. 

I-et us now return to the further step^ necessary to elucidate the glyceride 
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structure of the various portions of a fat as resolved by crystallisation from 
acetone. As already stated, the proportions of mono- and di-unsaturated, 
or di- and tri-unsaturated glycerides, present in each portion can be deduced 
from the component acid analyses after making allowance for any fnlly 
saturated glycerides present. Further, determination ot the tristearin 
content of the hydrogenated fractions gives an alternative division of each 
portion into (i) tri-Cig glycerides, (ii) palmitodi-Cig glycerides, and (iii) dipal- 
mitomono-Cig glycerides. It should be noted here that, of course, the deter- 
mination of tri-Ci8 glycerides as tristearin prevents any possibility, for the 
present, of differentiating between oleo- and linoleo-glycerides. (For 
convenience, the use within inverted commas of the terms ** oleo- or 
olein is intended to denote that the unsaturated group may in fact be 
either oleic or linoleic.) 

The method will be briefly described here with reference to two fats only, 
cacao butter and shea butter. 

Cacao butter. The relevant data are given in Table 67. 


TABLE 67. COMPOSITION OF FRACTIONS A, AND C OF THE 
CACAO BUTTER {MOL. PER CENT) 


Fraction : 

A 

B 

C 

Molar proportion of whole fat 

26*7 

48-8 

24*5 

(a) Component acids present : 

Palmitic 

2*3 

15*8 

8*1 

Stearic 

14*7 

15*2 

4*5 

Oleic (-h linoleic) 

9*7 

17*8 

11*9 

(b) Component glycerides present : 

Tn-Cis glycerides 

19*5 

5*9 

5*0 

Palmito-di-Cis glycerides 

7*2 

38*5 

14*9 

Dipalmito-mono-Cig glycerides 

— 

4.4 

4*6 

(c) Mono-** oleo ’’-disaturated glycerides 

24*3 

44*2 

8*3 

Di-‘* oleo ’’-monosaturated glycerides 

2-4 

4*6 

13-7 


(a) From component acid analyses (Table 66 ). 

(b) From tristearin determined in completely hydrogenated fractions, with (a), as 
above. 

(c) From proportions of unsaturated and saturated adds in (a), triolein being taken as 
abs^t and fuUy saturate components as only in fraction C (vide 

A fairly close estimate of the individual components of the three fractions 
can now be reached by taking into account the following considerations : 

(a) Oleodistearin is the least soluble in acetone of the mixed glycerides present 
and would be expected to be concentrated in fraction A, with possibly some in B, 
while C should not contain it. 

{b) Both classes of palmito-** oleins *' are comparatively easily soluble in 
acetone in the concentrations employed, and, as a matter of fact, the crystallisa- 
tion data show that A contains no dipahnitonGia glycerides. Fractions B and C, 
however, contain about equal proportions of them. The location of the fnlly 
saturated dipalmitostearin ( 2-5 per cent, of the whole fat) is somewhat uncertain, 
but is talrpm as wholly in fraction C. The comparatively soluble palmito- 
di-'‘ oleins " have apparently also all pass^ into fraction C. On the other hand, 
stearodi-*' oleins appear in ^ch fraction, but to a smaller extent in A than in 
B and C, ^ 

The final estimate of the ca<^o butter glycerides Is therefore as given in 
Table 68. r 
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TABLE 68. 


ESTIMATED COMPONENT GLYCERIDES OF CACAO 
BUTTER iMOL. PER CENT) 


Fraction 

A 


7-2 

17*1 


2*4 


Fully Saturated (2-5 per cent.) 
JDipalmitostearm 

Mono-oleo-^lycerides (76*8 per cent.) 
Olcodipalmitins 
Oleop^mitostearins 
Oleodistearins 

Dioleo-glycerides (20*7 per cent.) 
Palinitodiolein 
Stearodiolein 

Shea butter. The correspoi 
Tables 69 and 70. 

TABLE 69. COMPOSITION C 


Fraction : 

Molar proportion of total glycerides 

(fit) Component acids present : 

Palmitic 

Stearic 

Oleic 

Linoleic 

(b'y Component glycerides present : 

Tri-Cx, glycerides 
Palmitodi-Cii glycerides 
Oipalmitomono^ie glycerides 
Fully saturated glyceride 


Fraction 

B 


Fraction 

C 


Whole 

Fat 


(c) 




Mono-" oleo **-disaturated glycerides 
Di~“ oleo **-monosaturated glycerides 
Tri-“ olein ** 


— 

2-5 

2-5 

4*4 

2-1 

6-5 

38*5 

6-2 

51-9 

1*3 

— 

18-4 


8-7 

8-7 

4-6 

5-0 

12-0 

□lental data for this 

fat are 

IS A AND 

B OF THE SHEA 

CENT.) 



A 

B 

Total 

49*3 

50-7 

100-0 

2-7 

3 6 

6-3 

28-2 

11-8 

40-0 

18-0 

31-8 

49-8 

0-4 

3-5 

3-9 

44-3 

39-9 

84-2 

1-9 

10-8 

12-7 

3-1 

— 

3-1 

4-5 

— 

4-5 

34-4 



34-4 

10-4 

46-2 

56-6 

— 

4-5 

4-5 


id) From component acid analyses (Table 66). 

(6) From tristearin determined in completely hydrogenated fractions, with ia)^ as 
abo've. 

(e) Fimn proportions of unsaturated and saturated acids in (a) (see also below). 


The following reasoning was applied to the above data : 

Fraciitm A, The fully saturated components (palmitostearins) appear in 
this fractioii. From their observed component acids, they consist of about 
3 perc^gnt. of dipalmitostearin and 1*5 per cent, of palmitodistearin, and account 
for nearly all the palmitic acid in this fraction. 

The remaining 44-8 per cent, of the total glycerides, represented in fraction 
A, ixmtains molar proportions of ^56-4 per cent, saturated and 18*4 per cent, 
unsaturat^ acids. Tri-'* olein will have passed with the acetone-soluble 
cxwapcMMals into fraction B, and the 44-8 per cent, is therefore a mixture of 
mono-** oleo ''-disatnrated (34*4 per cent.) and di-" oleo "-monosaturated 
(10-4 p«r glyc^ddes. The small residue of palmitic acid unaccounted for 

as fuHy ^tmated glyx^aide may be present either as oleopalmitostearin or 
pahnMjximMn ; in mther case the amount is too small to be assessed by the 
analytk:al methods available. In accounting quantitatively for the fatty acid 
ooasniKXients in Table 70, this has been arbitrarily credited as palmitodiolein. 
The great^ part of fmetion A, however, consists of oleodistearin and stearodi- 
ol^n. ~ : , 

Ffmdiom 19 , JPte amount of tri-*' olein is an uncertain factor here. The 
molar proporticmsqf the components of fraction B include 15*4 per cent, saturated 
and rwer cent, unsaturated acyl groups, present either as mixed saturated- 
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unsaturated or wholly unsaturated glycerides. The figures correspond with 
either a mixture of 46-2 per cent, of monosaturated-di-''* oleo '^-glycerides with 
4 '5 cent, of tri-'* oleins " (as in Table 69), or a mixture of 23*1 per cent, of 
mono-** oleo "-disaturated glycerides with 27*6 per cent, of tri-‘* oleins," or any 
ternary mixture falling within these limits. The possibility of tri-" oleins " 
approaching the upper limit is ruled out because this would connote a corre- 
spondingly high proportion of oleodistearin in fraction B, which is in contradic- 
tion to the known sparing solubility of this glyceride in cold acetone. The 
assumption that fraction B is a mixture of di- and tri-unsaturated glycerides 
cannot therefore be far from the truth. At the same time, it must be made 
clear that the figure of 4-5 per cent, for tri-“ olein " is a minimum ; it may in 
fact be somewhat (but probably not much) greater, in which case a small propor- 
tion of mono-** oleo "-disaturated glycerides — ^probably ** oleo "-palmitostearin 
— ^would also be present in this fraction. 

Having regard to the above considerations and limitations, it is believed that 
Table 70 illustrates the most probable composition of the glycerides present in 
shea butter and that the proportions of the major components, at all events, are 
indicated therein with a reasonable degree of accuracy. 


TABLE 70. ESTIMATED COMPONENT GLYCERIDES OF SHEA BUTTER 

(MOL. PER CENT.^ 



Fraction 

Fraction 

Whole 


A 

B 

Fat 

Fully saturated (4 5 per cent.) 

Dipalmitostearin 

3*0 

— 

3-0 

Palmitodistearin 

1*5 

— 

1-5 

Monch-** oleo ** -glycerides (34*4 per cent.) 

“ Oleo ’’-distearins 

34*4 

— 

34*4 

“ Oleo ’’-pahnitostearins 

3 |( 


4i 

/>/-** oleo **’‘glycerides (56*6 per cent.) 

Palmitodi-“ oleins ” 

0*5 

10*8 

11*3 

Stearodi-“ oleins " 

9*9 

35*4 

45*3 

Tr/-“ oleins ** (4-5 per cent.) 

— 

4-5t 

4*5 


Small proportions of “ oleo "-palmitostearins may possibly be present, 
t Minimum figure ; the actual amount of tri-unsaturated glycerides cannot, however, 
be greatly in excess of this. 

The approximate compositions deduced by this procedure for the fats 
listed in Table 66 are shown in the next table (71). 

TABLE 71. COMPONENT GLYCERIDES PRESENT IN CERTAIN SOLID 

SEED EATS 

Cacao Mowrah Shea Phulwara Borneo Kepayang 

Butter Fat Butter Butter Taixow ChL 

Per Cent. Per Cent. Per Cent. Per CteNT. Per Cent. Per Cent. 


(Mol.) 

(Mol.) 

(Mol.) 

(Mol.) 

(Mol.) 

(Mol.) 

Fully saturated glycerides : 

Tripalmitin — 

— 

■ — 

8 

1 

2 

Oipalmitostearin 2 

1 

3 

— 

2 

0*5 

Pahnitodistearin — 

— 

2 

— 

1 

— 

Mono-^*' olee ** -glycerides : 

Oleodipalmitins 6 

1 

— 

62 

8 

33 

Oleopahnitostearms 52 

27 

Traces 

7 

31 

27 

Oleodistearins 19 

— 

35 

— 

40 

— 

i>i-“ oleo -glycerides : 

Pahiuto^oleiii 9 

41 

10 

23 

3 

24 

Stearodiolon 12 

30 

45 

— 

13 

— 

Thkflem (or — 



5 

— 

— 

13 

olmolmolems} 
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CALCULATION OF PROPORTIONS OF CHIEF COMPONENT 
GLYCERIDES OF A FAT FROM ITS FATTY ACID COMPOSITION 
If we consider a fat which, in addition to oleic (with linoleic) acid, con- 
tains substantially only one saturated acid (e.g, palmitic acid in phulwara 
butter, or stearic acid in Allanhlackia Stuhlmannii or Garcinia seed fats), and 
if in such fats there is known to be no significant amount either of trisaturated 
or of tri-unsaturated glycerides, it is obvious that such fats must be mainly a 
mixture of mono-" oleo "'-disaturated and di-" oleo ''-monosaturated glycer- 
ides, and (only one saturated acid being concerned) the proportions of each 
type can be calculated by simple arithmetic from those of the fatty acids 
present. The fats in Table 70, however, for the most part contain sub- 
stantial amounts of each of the saturated acids, palmitic and stearic, as well 
as oleic (with linoleic) acid. It was noticed that the observed amounts of 
palmitodi-" olein ** and of stearodL" olein in cacao butter (and, sub- 
sequently, in the other fats) could be approximately obtained by calculation 
if the unsaturated acid in the whole fat were divided, in arithmetical propor- 
tion to the palmitic and stearic acid contents, and then each portion com- 
bined with the latter so as to give mixtures of monopalmitodi-" oleins 
and dipalmito-*^' oleins," monostearo-di-" oleins " and distearo-" oleins." 
Such a calculation, of course, cannot take account of the subsidiary amounts 
of fully saturated or of tri-unsaturated glycerides which experimental 
determination may show to be present ; but the results obtained show fairly 
close agreement for those mixed glycerides which are present in large amounts 
in the fats. 


In the case of cacao butter, for example, the molar proportions of the acids 
in the whole fat were palmitic 24-3, stearic 35*4, and oleic (with linoleic) 40*3. 
The increments of oleic " acid corresponding in these proportions to each 
saturated acid taken sepstrately are : 

“C^c” 16-4 “Oleic” 23-9 

Palmitic 24-3 Stearic 35-4 


In combination respectively as mono-“ oleo and di-“^ oleo "-palmitins 
or -stearins, these proportions lead to : 


Per Oent. 
(Mor.) 

Palmitodi-** cfein ” 9 

“ Ofeo ’’'-cMpalmitin 32 


Per Cent. 
(Mol.) 

Stearodi-“ olein ” 12 

“ Oleo ’’-distearin 47 


The proportions thus derived for the di-'* oleo derivatives are almost 
exactly th^e found by analysis ; but the experimental data show that the 
cx>oi^poadLing memo-*' oleo " derivatives are not present wholly as such, but 
a|:^pear to a gr€«t extent as the trebly mixed glyceride “ oleo ”-palmitostearin 
(52 pcx ^ In other instances we find that the “ oleo "-dipalmitin and 

oIm* * ^-distearin obtained by calculation, if rearranged s® as to give the maxi- 
mum posable amount of “ oleo **-palinitostearin, yield figures which approximate 
fairly cksely to tiie 'experimental data. 


Table 72 stows the accordance between the experimental and " cal- 
culated ** values for some of the fats dealt with in Table 71. 
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TABLE 72. COMPARISON OF OBSERVED AND CALCULATED PROPOR- 
TIONS OF THE CHIEF COMPONENT GLYCERIDES IN SOME SOLID SEED 


Cacao Butter Mowrah Fat Shea Butter Borneo Tallow 



Found 

Calc.” 

Found ' 

“ Calc.” 

t ^ 

Found ‘ 

‘ Calc.” 

Found 

-A 

“ Calc}’ 

“ Oieo ’’-palm- 

52 

64 

27 

27 

Trace 

10 

31 

55 

itostearms 

“ Oleo- 
distearins 

19 

15 


3 

35 

29 

40 

34 

Palmitodi- 

9 

9 

41 

39 

10 

8 

3 

3 

“ oleins ” 

Stearodi- 

12 

12 

30 

31 

45 

53 

13 

8 

“ oleins ” 


Component Glycerides of Some Individual Vegetable 

Fats 

So far, in this chapter, we have been chiefly concerned to demonstrate 
the general principle which evidently governs the assembling of fatty acids 
into triglycerides in seed and fruit-coat fats, namely, that of a marked 
tendency towards maximum even distribution of the acyl radicals through- 
out the triglyceride molecules. Emphasis has been laid upon the funda- 
mental similarities in seed ^ and fruit-coat glyceride structure as a whole, 
rather than upon the specific triglycerides present in any particular case 
(although these have foimd incidental reference in some instances in the 
course of the argument). Some data will now be added with regard to the 
components of some of the more interesting individual fats which have 
been studied by the methods described either in the present or in the pre- 
ceding chapter. 

As a matter of convenience, these fats will be considered in roughly 
decreasing order of their content of saturated acids ; that is to say, in both 
seed and fruit-coat fats, those of highest melting point will be considered 
first, and those of most unsaturated character last (c/. Table 62, p. 190 ). 

SEED FATS 

(a) Seed Fats containing over 80 per cent, of Saturated Acids in 
THEIR Component Fatty Acids 

Seed fats of the Palmae (Table 62, Nos. x, 2, 4, 6, 7, 8). The very striking 
samilaiity in the component fatty acids of this group, which was pointed out 
in Chapter IV, Table 59 B (p. 162 ), is accompanied by similar identity in their 
general glyceride structure, if the five fats (coconut, palm kernel, gru-gru, 
Tucuma, and Municaria saccifisra kernels) which have been examined from 
this point of view may be taken as a guide. 

We need only consider in detail the two important fats, coconut and 
palm kemel.2 From the quantitative results of the oxidation process, it 
se^ns that the content of fully saturated glycerides is in each case of an 
order which leaves the ratio of saturated to unsaturated acids in the remaining 
. part of the fitt at approximately x*4 : i. Since there is no evidence of any 
triolein in either fat, their g^eral composition may be summarised as 
follows : * ^ 

^05 
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Coconut Fat 
Per Centt. (Wt.) 

Folly saturated glycerides 84 

Mono^Ieo-disaturated glycerides 12 

Dioleo-monosaturated glycerides 4 


Palm Kernel 
Fat 

Per Cent. CWt.) 
63 
26 
11 


The f ull y saturated components, which form the greater part of the fats, 
apparently contain the various acids in much the same proportions in which 
they occur in the whole fats, as will be seen from the data given in Table 73. 

TABLE 73. pkkCENTAGEiWT,} OF INniVJDUAL ACIDS (x) IN THE SATURATED 
ACIDS OF THE WHOLE FAT AND (n) IN THE COMPONENT ACIDS OF THE 
FULLY SATURATED GLYCERIDES OF COCONUT AND PALM KERNEL 


Coconut (1) Coconut (2) Palm Kernel (1) 



Whole 

Fully 

Whole 

Fully 

Whole 

Fully 


Fat 

Saturated 

Fat 

Saturated 

Fat 

Saturated 



Part 


Part 


Part 


Per Cent. 

Per Cent. 

Per Cent. 

Per Cent. 

Per Cent. 

Per Cent. 

Capryiic 

9 

8 

9 

9 

3 

2 

Capric 

8 

9 

8 

10 

9 

8 

Lauric 

52 

51 

50 

52 

58 

60 

Myiistic 

19 

19 

20 

17 

17 

. 20 

Palmitic 

10 

11 

10 

10 

11 

6 

Stearic 

2 

2 

3 

2 

2 

4(?) 


The similarity in the proportions of saturated acids in the fats as a 
whole and in their fully saturated components is not by any means a general 
phenomenon, but appears to be confined to those fats in which unsaturated 
(oleic) acid is a very minor component, and in which, consequently, the fully 
saturated glycerides form a very large proportion of the fat. In other 
groups, in which the fully saturated components only amount to a few per 
cent, of the whole fat, the major component saturated acid of lowest molecular 
weight is usually found to be relatively concentrated in the fully saturated 
glycerides, as will be shown later (p. 217). 

The fractional crystallisation of the fully saturated components 2 of 
coconut and palm kernel fats and of the fats as a whole 79 has uniformly 
failed to reveal the presence of any simple trilaurin but, on the other hand 
has indicated that in both fats dilauromyxistins are present in considerable 
quantity. From the point of view of interpretation of glyceride structure 
it is unfortunate that there are so many saturated acids other than lauric 
aEo present in these fats, thus making any investigation by fractional 
crystallisation methods exceedingly difficult. It is probably safe to infer, 
freraa the compfex nature of the fully saturated portions and their considerable 
cx»tent of ciilauroin3uistins, that many mixed glycerides are present and 
that these acids present in greatest amount (i.e. lauric followed by m3Tistic) 
are in scraie degree represented proportionately in each of the numerous 
irabewi tr%^3^oerides which are undoubtedly present. 

Seed fets of Latimcseae and Myristicaceae. The glyceride structure of 
cwly Iteeet se^ fats wife v«ry low imsaturated aend contents from these 
ianalieB dapter IV* Table 59A, pp. 160-161) have been studied in detail. 

.and Kjrisikia '^ate that the seed fat of Aotinodaphne^ 
<5c«asts very laigdty cd tiSaurin, its component acids being 96 per 
€3mt. hmtm and 4 per cent, acid. Grmde and Hilditch 21 found that 

the fat of as»feo: Lauraoeous femb, Neolitsea tnvolucraia, contained 

87 per cent, of felly saturatei glycoides» trils^rin forming about 66 per cent. 
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of the whole fat ; the component acids of the whole fat were found to be 
w-decanoic 3, lauric 86, myristic 4, oleic 4, and linoleic 3 per cent., whilst those 
of the fully saturated components were w-decanoic 5, lauric 90, and myristic 
5 per cent. The proportions of the saturated acids in the fully saturated 
components and in the fat as a whole are thus, in the Palmae seed fats, not 
very diEerent ; and in the 13 per cent, of mixed saturated-unsaturated 
glycerides the association ratio of saturated to unsaturated acids is 
j-2 : X. The glycerides of this fat therefore conform closely with the ‘‘ rule 
of even distribution/' 

Nutmeg butter, the seed fat of Myristica fragrans, was examined by the 
oxidation method by Collin and Hilditch 22 ; it contained 73 per cent, of fully 
saturated glycerides, whilst its component acids were lauric 1*5, myristic 
76*6, palmitic io*i, oleic xo-5, and linoleic 1-3 per cent. The percentage 
proportions of the saturated acids in the whole fat were accordingly lauric 
x-7, myristic 86-8, and palmitic 11-5 per cent., whilst those in the fully 
saturated part were lauric 2'^, myristic 91*1, and palmitic 6*7 per cent. — 
again showing little dissimilarity. Owing to the large proportion of myristic 
acid in the fully saturated glycerides, it necessarily follows that the simple 
glyceride trimyristin should be present in quantity. If the two remaining 
saturated acids were distributed, relatively to myristic in the fully saturated 
components, in the same way as are the unsaturated to the saturated acids 
in the whole fat (*' association ratio " i'6 : i), the proportion of tiimjnristm 
in the fully saturated glycerides would be about 77 per cent., corresponding 
to 55 per cent, of trimyristin in the whole fat. Actually Bdmer and Ebach 23 
isolated 40 per cent, of trimyristin by crystallisation from a sample of nutmeg 
butter, a figure which probably accords well with that calculated (since this 
material frequently contains up to 20 per cent, of non-fatty matter). 

The only two well-marked apparent’ exceptions which have yet been 
encountered to the rule of even distribution " in seed fats also belong to the 
botanical families now nnder review, and may be briefly considered at this 
point. 

Myristica malid>ariea seed fat. The endosperm of ikf. malabartea contains 
large quantities (nearly 50 per cent.) of resinous, non-fatty matter in addition 
to glycerides, and it is evident that these, since they mnst be completely separated 
from the glycerides, increase the difSLculties of investigation to a considerable 
extent. The investigation of the fats obtained from the seeds by extraction 
with petrol ether and with carbon tetraclife>ride ** 34 showed that much less 
resinous material is extracted by means of petrol ether, but the amount of fully 
saturated glycerides in either case was r6— 19 per cent. The component acids 
of the whole fat are also abnormal for a MyrisHca seed fat, since myristic only 
forms 32 per cent., whilst in addition there is 17 per cent, of palmitic and 3 per 
cent, of stearic acid, with 48 per cent, of oleic acid. The ratio of saturated to 
oleic acid in the whole fat is thus comparatively low, so that the high proportion 
of fully satuiated components and the low ** asscxuation ratio of i ; i in the 
remaining mixed glycei^es is quite inocmsisteiit with the usual state ci. affairs 
in a se^ fat. At presenti 110 other seed fats of except those 

of Myrisii&a and mMlabmrica 3 bave been studied by the oxidation 

method ; it will be seen, however, that the great majority (cf. Chapter IV, 
Table 59A, p. 160) are very rich in saturated acids and thus resemble nutmeg 
butter rather thgt-n the fat of JW. wmiabarica ; the latfe^ is also exc^tfonal in its 
abundant <xmtent of resinous naatejdal, some of which may be. aurtually in cewn- 
bhaation in the form €»f mixed glycerides^ The fat thus appears to be abnormal 
in more than one respect. 

noblll^ {l^imieeae} seetl fat* This fat contained 34 per cent, (wt.) 
or 40^5 pear cent, (moL) of fully satumted gi3rcerides, although its conoponent 
fatty acids were made up of lauri®^ 43, palmitic 6, oleic 32, and linoleic ip fwar 
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cent. ; and it therefore had an “ association ratio of only 0-4 equivalents of 
saturated per equivalent of unsaturated acid in the non-fully saturated glycerides. 
By hydrogenating the fat and submitting the product to fractional crystallisa- 
tion from ether, Collin showed that there was extremely little tristearin present, 
so that the content of fully unsaturated glycerides in the original fat must have 
been very small. The cr3’stallisation data for the hydrogenated fat thus point 
unmistakably to a composition approxi m ating to the “ even type, and, if this 
be the case, it is the lauric acid components in this instance which give rise to the 
high content of trilaurin. This is also home out by the fact that of the lauric 
acid combined in the whole fat, fully 75 per cent, is present in the fully saturated 
glycerides whereas only 25 per cent, of the total palmitic acid is therein repre- 
sented. If, therefore, the lauric acid he considered separately, the rest of the 
component acids (oleic, linoleic, palmitic, and a little lauric) are apparently built 
into glycerides on the usual lines met with in so many other seed fats. Whether 
the two groups of acids occur, in Laurus nobilis, in different parts of the seed, or 
whether they arrive or develop in the seed at different periods, it is not possible to 
say at present. 

" Collin's data (34 per cent, of fully saturated glycerides containing 95 per 
cent: of lauric acid) suggest the presence of about 31—32 per cent, of trilaurin in 
the whole fat ; Homer and Ebach actually isolated 30 per cent, of trilaurin by 
fractional crystallisation of laurel fat. 

Dika fats (Simarubaceae). It will be seen from the table of component 
acids (Chapter IV, Table 59A, p. 161) that there is more than one variety 
of dika fats (from species of Irvingia). The seed fats of /, Barteri (Nigeria) 
and /. Olivieri (cay-cay fat. Cochin China) appear to be closely similar, their 
component acids including about 40 per cent, of lauric and 55 per cent, of 
myristic acid. There seem to be two varieties of I. gabonensis (Sierra Leone) : 
in one the fatty acids.include about 10 per cent, of oleic acid, with 70 per cent, 
of myristic acid and 20 per cent, of lauric acid, but in the other there is 
only about 2 per cent, of oleic acid, with nearly 60 per cent, of lauric and 
about 33 per cent, of myristic acid- 

Dika fat from I. Barteri was examined by Collin and Hilditch.^e Its com- 
ponent acids were lauric 38*8, myristic 50*6, and oleic io*6 per cent, (wt.), 
and it contained 79 per cent, of fully saturated glycerides (component acids 
lauric 43, myristic 57 per cent.). No evidence for the presence of trilaurin 
or trimyristin in appreciable amounts was forthcoming, and the probable 
glyceride structure of the fat was considered to be : 

Per Cent, 


DUauromyr^tins 31 

Laurodimyristius 48 

01eo-di-(Iaur(Mnyrist)-ins 18 

Lauro- or myristo-dioleins 3 


A dika fat of the almost saturated type from I. gabonensis was later 
inv^tigat^ by Bushell and Hilditch.i® Its component acids were w-decanoic 
3*1, lauric 58-6, myristic 33“4. palmitic 2*0, stearic i*i, and oleic 1*8 per cent. 
{wt,). Systematic cry^tallisatioii from acetone yielded a number of frac- 
tions, i»ne of which was a completely individual mixed glyceride ; but it was 
dear that the main component was dilauromyristin and that this formed 
abcmt 65 per cent, (mol.) of the whole fat. Oleo-glycerides were shown to 
a^xrnnt Icm: 6 per cent^ (moL) of the fat, and to have a composition dose to 
that of oimianiom3nristm, the remaiiimg 30 per cent, of the fat probably 
of abcmt equal proportions of {a) laurodimyristin and {b) w-de- 
canctoiiioiiiyiisfer and small amounts of palmito- or stearo-lauromyristins. 

Bkyth tte above dika fe.ts therefore conform closely with the usual rule of 
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( 5 ) Seed Fats containing 40-65 per cent, of Saturated Acids in 
THEIR Component Fatty Acids 

This group has received considerable attention in recent investigations 
for, although only two or three of these fats possess any intrinsic technical 
importance, they form a particularly interesting section in the following 
respects : 

(i) They include the small number of tropical seed fats in which stearic 
acid is a prominent component. 

(ii) In each case the proportion of saturated acids in the whole fat is of 
the order of 45-60 per cent., so that they fall in the region in which there are 
just sufacient unsaturated acids to link up with all the saturated acids in 
mixed glycerides ; and in each case the fully saturated glyceride content is 
very small or almost negligible and supports the general rule. Indeed, the 
extent to which the generalisation holds over this, the most critical, range of 
relative proportions of saturated and unsaturated acids is probably the 
strongest evidence so far put forward of the marked tendency to even 
distribution " in seed fats. 

(iii) This group of fats is, consequently, rich in mono-unsaturated- 
disaturated glycerides which, in the course of the oxidation process, yield 
corresponding monoazelao-disaturated glycerides in quantities sufficient to 
permit of their isolation and further examination. 

(iv) They have also provided a certain amount of evidence which suggests 
that definite forms of specific glycerides, e.g. jS-oleodistearin, may be favoured 
in the natural synthesis of seed fats. This is a most important line of 
investigation, which is likely to receive much more attention now that 
thermal and X-ray data for members of the mixed triglyceride series are 
being made available by the studies of Malkin and his collaborators at the 
University of Bristol (cf. Chapter X, Tables 100— x 03, pp. 354—357). 

(v) Most of these fats contain either palmitic and stearic, or stearic and 
arachidic, acids as the major component saturated acids, and it is interesting 
to observe how far the generalisation seems to hold that the acid of lower 
molecular weight tends to concentrate in the fully saturated glycerides. 
This is considered on p. 2x7. after the individual fats have been discussed. 
Seed Fats of SterctdiacecB and JOipterocarpacecB {in which Palmitic and Stearic 

are the Major Saturated Component Acids) 

Cacao butter (Sterculiaceae), The extensive use of this fat in chocolates 
and other confectionery has naturally caused much attention to be paid to 
its glyceride structure, which has been the object of many investigations. 
Its special suitability in confectionery lies in the fact that it possesses a 
comparatively low melting point (about 30®) which is nevertheless much 
sharper than that of most fats, whilst in the solid state the material is com- 
paratively brittle and not very greasy to the touch. These physical properties 
are, again, the result of the particular glyceride structure of this fat which, 
owing to the relative proportions of the few component acids of the fat and 
its conformity with the general rules of seed fat glyceride structme, is made 
up for the greater part of mono-oleo-disaturated glycerides, chiefly oleopal- 
mitostearin. 

The qualitative crystallisation studies of Klimont (c /1 Chapter V, p. 182) 
indicated the absence of simple triglycerides and the presence of oleodistearin 
and oleopalmitostearin. In 1924 Amberger and Bauch ^ studied, more 
X4 209 
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quantitatively, the fractional crystallisation of cacao butter which had been 
hydrogenated until its iodine value was reduced to 5-9, and stated that in 
their opinion the main components were a-palmitodiolein 55, a-oleodistearin 
25, and ^"palmito-oleostearin 20 per cent. These figures did not tally with 
the component acid proportions in the whole fat, but Miss E. Lewkowitsch 28 
subsequently showed that by adopting a legitimate alternative assumption 
in the calculations involved, and by taking into accoxmt the components in 
17-5 per cent, of the fat wiiich was not recovered in Amberger and Bauch's 
crystallisation, the resulting data (a-palmito-oleostearin 56, ^-oleodistearin 
26-5, ^-palmitodiolein 17*5 per cent.) accorded well with the component acid 
percentages for the whole fat and also with the work next to be mentioned 
below. (It is now kno'v\Ti,i2 however, that a hydrogenated cacao butter of 
iodine value 6 still contains about 20 per cent, of oleo-disaturated glycerides 
which, being relatively soluble, probably account for the " loss " of 17*5 per 
cent, recorded by Amberger and Bauch.) 

In 1927 Hilditch and Lea studied cacao butter by the oxidation 
method 29 and showed that it contained about 2*5 per cent, of fully 
saturated glycerides (mainly dipalmitostearins) ; it is almost certain that the 
amount of triolein present is negligible, and consequently the remainder of 
the fat consists of about 73 per cent, of mono-oleo-disaturated glycerides 
and about 24*5 per cent, of dioleo-monosaturated glycerides. 

Lea actually isolated monoazelao-glyceiides from the oxidation products 
of cacao butter corresponding with about 53 per cent, of mono-oleo-di- 
saturated glycerides therein, and obtained a further 15—20 per cent, of 
monoazelao-glycerides in a less pure condition ; so that to this extent the 
suggested proportion of mono-oleo-disaturated glycerides in the whole fat 
has been confirmed by chemical analysis. Fractional crystallisation of the 
monoazelao-glycerides indicated that they contain about 80 per cent, of 
azelaopalmitostearin, the remainder being mainly azelaodistearin ; it was 
therefore considered probable that about 60 per cent, of the whole fat 
consisted of oleopalmitosteaiin. 

In 1935 Hilditch and Stainsby 12 separated cacao butter into three 
fractions by systematic crystallisation from acetone and therefrom deduced 
the approximate projx>rtions of each of the mixed glycerides present. 
The details of this work have already received notice earlier in this chapter 
(pp. 200—202) ; the final results are quoted again below, together with those 
of the earlier quantitative attempts to determine the components of this fat ; 

Gcyceriime Types: Fully Saturated Mono-Oleo- Di-Oleo-Mono- 

Bisaturated Saturated 

AmlwfK' and Bawh Traces (tristearin and ^ per cent. 20 per cent. 

(as by palmitodisteaiin). (55 per cent, a-palmito- 03-palmitodiolein). 

IH*. E. I^ewkcywitscii). olwstearin, 25 per 

cent, oleodistearin). 

2*5p^c^t. 73 per cent.* 24*5 per cent, 

(painitc^tearms). (at least 50-60 per cent. 

^ . oleopaJmitostearins). 

Hmutda and Stainsfegr 2 pesr coatt. 77 per cent. 21 per cent. 

(jpohiMtCMtearins). (52percait. oleopalm- (9 per cent, pal- 

itostearin, 19 per omt. nodtodiolein, 12 
oleodistearin, 6 per per cent, steaxo- 
cent. oleodipalmitin). diolein)- 

. * COl oorr^XHKling with 53 p^ cent, of mono-oleo-glycerides 

iscMtcd ^ ptne sodiHii sate, and! (ii) corr^ponding with about 70 per cent, of mono-oleo- 
giycesMes by seporattea as iftlwiin .sate. 
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Hilditch and Stainsby were able to isolate, from partially and completely 
hydrogenated specimens of cacao butter, such large proportions of ^-pal- 
mitodistearin that it was clear that much, if not all, of the palmitodi-Cxa 
glycerides present in the fat possessed this configuration — ^-palmito- 
oleostearin and probably jS-palmitodiolein ; on the other hand, jS-oleodipal- 
mitin and ^-oleodistearin are probably the isomerides of these types mainly 
present. The assumption of Amberger and Bauch that cc-palmito-oleostearin 
is the form of the trebly mixed glyceride present is inconsistent with the 
results obtained by Hilditch and Stainsby. 

The proportions of stearodioleins and palmitodioleins observed by 
Hilditch and Stainsby are almost exactly those which would result if the 
imsaturated acids of the fat were divided in the relative proportions of the 
palmitic and stearic acids, and united separately with the latter to form 
mono- and di-oleo-glycerides. Of the total mono-oleo-glycerides, two-thirds 
are oleopalmitostearins, the remaining third alone consisting of either 
oleodistearins or oleodipalmitins. 

The molar proportions of oleopalmitostearin (52), oleostearins (31), and 
oleopalmitins (15) are in the order characteristic of even distribution of the 
total fatty acids (oleic 40, stearic 34, palmitic 26) among the triglyceride 
molecules, but while the amount of oleodistearins is greater than that of 
stearodioleins, that of oleodipalmitins is less than that of palmitodioleins. 
Further, nearly half of the fat is made up of binary combinations in which 
stearic and oleic, or palmitic and oleic, acids are concerned, but similar 
combinations with palmitic and stearic acid occur in insignificant quantities. 

Borneo tallow (Dipterocarpaceae). Hilditch and Priest man so found 
that a specimen of this fat (component acids: myristic 1*5, palmitic 21*5, 
stearic 39*0, oleic 38-0 per cent, wt.) contained 4*5 per cent, of fully saturated 
palmitostearins, and (no triolein being detected) 17-5 per cent, of dioleo- 
monosaturated glycerides with 78 per cent, of mono-oleo-disaturated 
glycerides (the equivalent of 64 per cent, of the latter being definitely isolated 
in the form of sodium or lithium salts of monoazelao-disaturated glycerides). 

Bushell and Hilditch applied the acetone crystallisation procedure to 
Borneo tallow (component acids : palmitic i8*o, stearic 43-3, arachidic 
oleic 37*4, hnoleic 0*2 per cent, wt.) and concluded that the component 
glycerides were approximately as follows : oleodistearin 40, oleopalmito- 
stearin 31, stearodiolein 13, palmitodiolein 3, oleodipalmitin 8 and fully 
saturated (mainly palmitostearins with a little tripalmitin and tristearin) 
5 per cent. (mol.). The fully saturated glycerides are slightly higher than 
usual for a fat of this mixture of saturated and unsaturated acids, but other- 
wise Borneo tallow follows the rule of ‘‘ even distribution " very closely - 
With more stearic and less palmitic acid present than in cacao butter, the 
fat contains more oleodistearin and less oleopalmitostearin than the latter, 
resulting in a somewhat harder fat of higher melting point.*' The propor- 
tions of palmito- and stearo-dioleins are calculable within a few units per 
cent, from the component acids by the arithmetical formula discussed on 
p, 204, but the amount of oleopalmitostearin, as in cacao butter, falls con- 
siderably short of the maximum possible by calculation. 

The seed fat of another denizen of Borneo, believed to be a member of the 
Burseraceae {Cafmrium. commune ?) was studied by Hilditch and Stainsby 
(the results were published erroneously as referring to the seed fat of 
Sterculia fosiida). The fat had as component acids: palmitic ii*7> steanc 
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39*S, arachidic 1-9, oleic 43*3, and linoleic 3*3 per cent, (moL) and contained 
less than 2 per cent, of fully saturated glycerides. The main components are 
probably mono-oleo-disaturated glycerides about 57, and stearo- or palmito- 
dioleins 41 per cent. ; monoazelao-disaturated glycerides were isolated in the 
form of sodium salts from the oxidised glycerides in amount corresponding 
to 43 per cent, of mono-oleo-disaturated glycerides in the original fat. 


Seed JFais of GuttiJereB and Sapotacece {in which Stearic Acid is frequently the 

Most Promineftt Saturated Acid, whilst Palmitic Acid is also present) 

AUanblacMa fats (Guttiferae), These are of little technical importance, 
but have been exceptionally useful in the study of glyceride structure, because 
they are built up almost wholly from stearic and oleic acids. It will be 
recalled that it was in the seed fat of A . Stuhhnannii that Heise first demon- 
strated in 1897 the presence of oleodistearin in quantity in a natural fat ; 
moreoyer, it has later been possible to isolate this main component almost 
quantitatively in the pure condition, and to show that it is entirely jS'oleodi- 
stearin. 

A, StuMmannii seed fat (component acids: palmitic 3, stearic 52, oleic 
45 per cent.) has been studied quantitatively by Hilditch and Saletore,S2 
who found it contained only 1*5 per cent, of fully saturated components, and 
that it could be separated by ci^^stallisation from acetone into nearly 70 per 
cent, of a solid glyceride (m.p. 42*5—44°, iod. val. 28*5) and a soluble liquid 
portion of iodine value 56*7 from which no fraction of higher iodine value 
could be obtained by further crystallisation. The main components are 
therefore about 66 per cent, of mono-oleo-glycerides (chiefly oleodistearin) 
and about 33 per cent, of stearo- (with perhaps a little palmito-) diolein. 
The melting point of the main component is that of ^-oleodistearin, and 
that of the azelaodistearin obtained during oxidation of the fat (63—64°) 
was unchanged on admixture with jS-azelaodistearin prepared by oxidation 
of synthesised jS-oleodistearin. 

The seed fats of A. floribunda and A. parvijlora have component acids, 
and also component glycerides, very closely similar to those of A. StuhG 

Garciiiia fats (Guttiferae). These seed fats are also exceptionally rich 
in stearic acid. The seed fat of G. morella, studied by Dhingra, Seth, and 
Speers,^ had as component acids : myristic 0-3, palmitic 7*2, stearic 42*5, 
arachidic 0*3, oleic 43*6, and linoleic 6*i per cent, (wt.), and contained 2*7 per 
cent, of fully saturated palmitostearins ; the main portion of the glycerides 
counts of about 45 per cent, of oleo-disaturated glycerides and nearly 50 per 
cent, of dioleo-monosaturated glycerides. Another specimen of this fat was 
examinwi by Hilditch and Murti ss and contained as component acids pal- 
mitic 1-2, st^ric 48*2, oleic 49-7, linoleic o-g per cent, (wt.), with 2 per cent, 
fully ^turated glycerides (tristearin), about 46 per cent, of oleodistearin 
and about 48 per cent, of stearodiolein. 

The seed fat (kokum butter) of G, indica was found by the latter workers 
to contain as component acids : palmitic 2*5, stearic 56-4, oleic 39*4, and 
linoleic 1-7 par cent. |wt.) ; it had X'5 per cent, of fully saturated glycerides 
and was oooipo^d mainly of about 70 per cent, of oleodistearin and about 
20 per cent- of stearodiolein. 

Fentadtesma imiyiracea seed tat {Gcittifrara&). Hilditch and Saletore ^2 
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give the probable composition of this fat (component acids: palmitic 5-4, 
stearic 46*x, oleic 48-5 per cent, wt.) as 3 per cent, of fully saturated pal- 
mitodistearins and about equal proportions (47-50 per cent.) of oleo- 
disaturated and dioleo-monosaturated glycerides. The monoazelao-glycerides 
obtained on oxidation of the fat consisted largely of monoazelaodistearin, 
m.p. 61 connoting the presence of jS-oleodistearin in the fat. 

Shea butter (Butyrospermum Parkii, Sapotaceae). This somewhat 
important seed fat has also been fully examined by the modern methods. 
Hilditch and Saletore ^2 found that a specimen (component acids : palmitic 
8*5, stearic 35*9, oleic 49*9, linoleic 5-3 per cent, wt.) only contained 2-3 per 
cent, of fully saturated glycerides and, assuming that triolein was present 
only in negligible proportions, concluded that it contained about 30 per 
cent, of oleo-disaturated glycerides and about 65 per cent, of dioleo-mono- 
saturated glycerides.* Green and Hilditch,i 7 after applying the acetone 
crystallisation method to another specimen of the fat (component acids : pal- 
mitic 5*7, stearic 40*4, oleic 50*0, linoleic 3*9 per cent, wt.), gave the probable 
approximate composition as stearodi-" oleins ” 45, oleodistearin 35, and 
paimitodi-'' oleins 10 per cent., with minor amounts of palmitostearins 
(4-5 per cent.), tri-'* olein (4*5 per cent.) and possibly oleopahnitostearin. 
Apart from slightly higher proportions than usual of trisaturated and tri- 
unsaturated components, the fat conformed to the usual evenly distri- 
buted type. 

Njatuo tallow, Taban merah fat (Palaquium oblongifolium, Sapotaceae). 
This fat was found by Hilditch and Stainsby to possess component acids : 
m3nlstic 0*2, palmitic 5*9, stearic 54*0, oleic 39*9 per cent, (wt.), and to con- 
tain only 1*8 per cent, of fully saturated glycerides. Crystallisation^ from 
acetone yielded nearly 50 per cent, of a crystalline solid, m.p. 42*5-44^, 
evidently y 3 -oleodistearin, whilst the most soluble fractions did not exceed 
in iodine value that of stearodiolein (57*3). Triolein is therefore not present, 
and the chief component of the fat is about 77 per cent, of oleo-disaturated 
glycerides (mainly j8-oleodistearin), whilst about 21 per cent, of stearo- 
(with a little palmito-) diolein is also present. (Calculation from the molar 
percentages of the component acids [cf. p. 204) suggests the possible presence 
of oleodistearin 60, oleopalmitostearin 17, stearodiolein 19, and palmitodiolein 
2 per cent.) 

Madbuca (Bassia) seed fats (Sapotaceae). Mowrah fat, lUipe butter 
or mee oil, and phulwara butter are seed fats of this genus grown in India 
and the East Indies, and have been usually known to the technologist as 
'' Bassia seed fats {vide Chapter IV, p. 159)- The components of mowrah 
fat and phulwara butter have been determined by the modem methods, 
emplo5ring preliminary partial resolution by crystallisation from acetone. 

Mowrah fat (from M. latifolia ; component acids : palmitic 22*4, stearic 
19*9, oleic 44*3, linoleic 13*4 per cent, wt.) was foimd by Hilditch and 
Ichaporia to contain 1*2 per cent, of fully saturated dipalmitostearin. 
The main components are palmitodi-** oleins 4r, stearodi-'* oleins " 30^ 
and oleo "" '-palmitostearins 27 per cent. ; there may also be about i per 
cent, of “ oleo "-dipalmitins or similar small quantities of oleo "-distearin 

* A similar study of shea butter by Bougault and sAuster {Co^pt. rend,^ 

1931, 193, 362) unfortunately led these authors to deduce a composition for its 
mixed glycerides which is quite incompatible with the amounts and kinds of the 
component acids of the fat. 
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and of tri-unsaturated glycerides (oleoHnoleins) . The composition follows 
closely the prevailing rule in seed fats, and is also simulated by the 
calculation from the component acid percentages described on p. 204. 

Phulwara butter (from M. hutyracea ; component acids : palmitic 56*6, 
stearic 3*6, oleic 36*0, linoleic 3*8 per cent, wt.) is remarkable, amongst the 
other Madhiica seed fats or, indeed, those of the Sapotaceae at large, in that 
stearic acid is a very minor component and that the only major component 
acids are oleic and palmitic, the latter in unusually large proportions (the 
highest yet recorded for any seed fat). Bushell and Hilditch showed the 
chief glycerides present to be ** oleo "-dipalmitins 62, and palmitodi- '' oleins 
23 per cent. ; the fuUy saturated components (8 per cent., substantially 
tripalmitin) are more abundant than is usual in a seed fat with the observed 
proportions of saturated and unsaturated acids. Oleo palmitostearins 
may amount to about 7 per cent, of the fat. This fat is thus somewhat out of 
the common in several respects, but it may be added that triolein is not 
present in detectable quantities. By crystallisation from acetone, 72 per 
cent, of the fat was obtained as a crystalline solid which contained (calculated 
to the original fat) 58 per cent, of oleodipalmitin admixed with 8 per cent, 
of tripalmitin and 6 per cent, of palmitodi-" oleins it may thus prove to be 
a convenient source for the preparation of a natural oleodipalmitin. 

Piqui-a kernel fat (Caryocar villosum). This fat, from a member of the 
family Caryocaracese, may be mentioned here because, like that of Madhuca 
hutyracea^ it is unusually rich in palmitic acid, its component acids being 
myristic 1-4, palmitic 48*4, stearic 0*9, oleic 46*0, and linoleic 3*3 per cent, 
(wt.). According to Hilditch and Rigg,s6 it contains 2*5 per cent, of fully 
saturated glycerides (tripalmitin), and the fat is almost certainly chiefly 
made up of about 50 per cent, of oleodipalmitin with about 40 per cent, of 
palmitodiolein (leaving out of account small amounts of minor components). 

Seed fats of the Sapindaceae. Two of these (from Malayan species of 
the genus Nephd,ium) were studied by Hilditch and Stainsby ; they are 
of special interest because, in contr^t to those with which we have just 
dealt, they contain two major component saturated acids which are in this 
case stearic and arachidic, instead of palmitic and stearic. 

Pmlasan fat (from Nephelium mutahile ; component acids : palmitic 3*0, 
stearic 31-0, arachidic 22-3, oleic 43-7 per cent, wt.) contains about 63 per 
c«iit- of oleo-disaturated glycerides (including apparently both oleostearo- 
arachidin and oleodistearin) and about 35 per cent, of dioleo-saturated 
glycerides, with only 1*5 per cent, of fully saturated glycerides and no 
detectable triolein. Direct crystallisation of the fat from acetone yielded 
48 per cent, of a solid (iodine value 29-0, equivalent 300-5) which was 
evidently a mixture of oleostearoarachidin and oleodistearin. The com- 
•pomtimi of the mixed glycerides suggested by the calculation from component 
acid percentage (describe on p. 204) woxild be stearodiolein 22, arachidodi- 
ol«ii 13, ol^istearoaracliidin 47, and oleodistearin 16 per cent. 

i&ii&m (from N. lappac&um ; component acids : palmitic 2-0, 
dearie 13-8, aracMdic 34-7, oleic 45*3, eicosenoic (?) 4-2 per cent, wt.) con- 
tMns afeoiit 43 |»r cent, of oleo-disaturated glycerides (probably oleostearo- 
with oleodiarachidin) and about 55 per cent, of dioleo- 

j^turated glycerides (st^ao- or aiachido-diolein and probably some oleo- 
ca€X>^n€>-saturat«i giyeseridf^). Oialy 1-4 per cent, of fully saturated glycer- 
ides are pr^nt, and trioMn is absent. 
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The purest azelao-disaturated glycerides isolated by crystallisation from 
the oxidation products of the fat had an equivalent of 835-0 and melted at 
65-5° (azelaostearoaracliidin 82Z, azelaodiarachidin 850) ; direct crystallisa- 
tion of the fat from acetone yielded 25 per cent, of a soMd (m.p. 46°, iod, val. 
27-4, equivalent 309’4) which evidently contained both oleodiarachidin and 
oleostearoarachidin. 

The “ calculated composition from the component acid percentages 
{cf, p. 204) suggests the following Hkely composition for the mixed glycerides : 
stearodi-'* olein 18, arachidodi-'* olein 36, oleostearoarachidin 29, 
oleodiarachidin 15 per cent. 

Other seed fats in this group. Two further seed fats in this category 
have been studied, with results which are of specific interest as regards the 
general problem of glyceride structure. 

Neent oil (from Azadirachta indica, Meliaceae ; component acids : palmitic 
Z4*9, stearic 14*4, arachidic 1*3, oleic 61-9, linoleic 7-5 per cent, wt.) is a case 
of a fat in which, whilst palmitic and stearic acids are present in about equal 
amounts, the total saturated acids form somewhat less than a third of the 
total fatty acids. It has been examined by Hilditch and Murti S 7 by the 
acetone-crystallisation procedure and found to contain approximately the 
following glycerides ; stearodi-'* olein 34, palmitodi-"' olein 33, tri- 
“ olein '' 19, " oleo *’-palmitostearin 12 per cent., with about 1-5 per cent, 
of oleo ''-dipalmitin and about 0-5 per cent, of palmitodistearin. Di- 
“ oleo glycerides thus form about two-thirds of the fat, although the 
composition of the mixed acids would permit their maximum amount to 
reach about 90 per cent, of the whole fat. There is, however, nearly 20 per 
cent, of tri-unsaturated glycerides present, these being quite probably 
linoleodioleins for the most part, and representing mixed glycerides produced 
from the two unsaturated acids alone. 

The seed fat of Hodgsonia capniocarpa (Cucurbit acese) is interesting 
because it contains about equal proportions of saturated and unsaturated 
acids, whilst the latter in turn consist of nearly equal amounts of oleic and 
linoleic acids. As already pointed out on p. 199, this has the consequence 
that the mono-unsaturated as well as the di-imsaturated glycerides are foimd 
to contain both oleic and linoleic adds in corresponding proportions, whereas 
when linoleic is a minor, and oleic a major, component add, the former is 
almost wholly present in the di-unsaturated glycerides alone. A further 
consequence is shown in the component glycerides present, as determined by 
Hilditch, Meara, and Pedelty ^ by study of the fractions obtained by crystal- 
lisation of the fat from acetone : oleo "-dipahnitins 33, " oleo ' -paJmito- 

stearins 27, palmitodi-'^ oleins ’’ 24, and tri-'' oleins X3 per cent. The fat 
thus differs from others of similar goieral fatty add composition (in which 
Imoldc add is a minor component) in its content of tri-unsaturated glycerides. 
These are almost certainly mixed oleo-Iinoleins, and the specific mixture of 
glycerides encountered in this fat is the consequence of the combination of 
four major component adds (palmitic, stearic, oleic, and linoleic) into mixed 
triglycerides, whereas in other cases only the three adds, palmitic, stearic, 
and oldc, have bear major components. Correspondingly, the simple 
calculation '' based upon distribution of the one unsaturated add (oldc) 
between two saturated adds fails in this case to reproduce the ob^rved 
composition of the fat. 

Some general points raised by the study of this category of seed fats. 
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We may pause at this point to consider some general features revealed in 
the course of the examination of this group of fats, in which, owing to the 
ratio of saturated to unsaturated acids being in the region of 1-1-5 to i, the 
operation of even distribution " is extremely well marked and also, fre- 
quently, the fats contain unusually large proportions of one or other indi- 
vidual mixed triglyceride. These features are (i) the apparent occurrence 
of a selected glyceride configuration amongst components of quite a number 
of the fats which have been investigated and (ii) certain regularities in the 
component acids of the small proportions of fully saturated glycerides which 
occur in the fats of this group. 

Configuration of natural mixed triglycerides. It is probably slightly 
premature to go into this subject in any detail, because there are indications 
that within the next few years more definite progress will have been made in 
this interesting field than has hitherto been possible. The physical properties 
of individual mixed triglycerides of definite configuration have hitherto 
been somewhat uncertain, but progress is becoming more rapid in this 
direction, especially as regards data on melting and transition points, and 
on X-ray spectra. Moreover, although it still remains exceptional for an 
individual constituent of a faifto be isolable by crystallisation processes, the 
wider range of fats studied enables fats of suitably simple composition to be 
more freely selected for investigations of this kind, whilst conversion of 
mixed oleo-glycerides into the corresponding stearo-glycerides by catalytic 
hydrc^enation is also becoming a useful aid to research on the configuration 
of mixed saturated-unsaturated glycerides. 

In the meantime, it is desirable to give a brief summary of the present 
position, which distinctly suggests the possibility that mixed glycerides, 
such as, for instance, oleodistearin or palmitodiolein, may only occur in 
natural fats in one particular configuration. 

The most clear-cut case in the seed fats so far is oleodistearin. As 
mentioned on p. srs, it is almost certain that this glyceride, as it occurs to 
the extent of about two-thirds of the seed fat of Allanhlackia Stuhlmannii, 
is entirely j8-oleo-aa'-distearin, m.p. 42-5—44®. It is certainly suggestive 
that the same (0-) oleodistearin has been isolated from kokum butter, ss 
cacao butter,*® Borneo tallow,^ o Njatuo tallow, *1 and Garcinia seed fats.*^ 
Farther, the 0 -palxmtcKiistearin obtained by Hilditch and Stainsby 12 by hydro- 
genation of the oleopalmitostearin concentrates from cacao butter indicates 
that the latter glyceride is largely, if not wholly, 0-pahmto-oleostearin. 

Again, there are indications that palmitodiolein, a very common con- 
stituent in many fats, also has the symmetrical configuration of 0-palmitodi- 
olein, for 0-palmitodistearin, which melts at 67®, has been identified in each 
instance so far when the palmitodiolein concentrates from a fat have been 
hydrogenated, the isomeric a-palmitodisteaiin of melting point 64-5® not 
havii^ been ol»erv«i. This statement seems to apply to the palmitodioleins 
of olive ajwi Gsottons^d oils (although here the evidence is perhaps not yet 
ccMnptet^y ocmcliisive), and also to that in pig depot fat, to be considered in 
Ch^ter ¥II |p. 247). 

Bianks, Bean, and Hilditch bdheve that, although both forms of the 
respective inix«i gly<»rides may l|i|; present, 0-palmitodiolein and yS-oleodi- 
palmitin predominate in palm oil (c/. p. 224). On the other hand, Hilditch 
and Paul ^ conclude that both an^.^-oleo-{linoleo-) diemcins and a.- and 
0-erii€odi-oleins or -linolttiis are fmise^^in rape oil. 
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The matter is one of distinct interest, and may in due season prove of 
some importance in considering the biosynthesis of natural fats in plant or 
animal- The e\ndence is, however, at present insufficient to permit more than 
a brief statement of the facts as they appear at the moment, coupled with 
the assurance that the configurational aspect of natural mixed glycerides — 
in any case a difficult problem to attack — ^is likely to receive more attention 
in the near future. 

The small fully saturated glyceride contents of the fats dealt with on 
pp. 209 - 215 , It may be pointed out, before discussing their compositions, 
that the minimal quantities of fully saturated components found in seed fats 
in which the ratio of saturated to unsaturated acids is approaching 2 : i 
is not, from one point of view, wholly in accordance with even distribu- 
tion of all the fatty acids throughout the glycerol molecules. It certainly 
argues extremely even partition of the unsaturated and saturated acids, 
considered in these two groups ; but, in the cases which have just been 
discussed, where very frequently we encounter two different saturated acids 
(e.g. palmitic and stearic) and oleic acid all present in comparable propor- 
tions, it might be thought that complete even distribution should demand the 
presence of rather more than the observed snSall proportions of palmito- 
stearins in addition to the palmito-oleins and stearo-oleins which are, in fact, 
usually present in quantity. In the particular group of fats which we are 
discussing, therefore, the avoidance of any marked quantity of fully saturated 
components (in other words, the almost complete association of oleic with 
saturated acids so as to produce glycerides in which, almost exclusively, 
oleic and saturated acyl groups are simultaneously present) is from one 
standpoint rather the even distribution " of unsaturated with saturated 
acids than even distribution " of the whole of the major component acids 
concerned. On the other hand, it must be remembered that in this group of 
fats oleic acid always forms 40 per cent, or more of the total acids ; this 
prominence as a major component acid involves, on the principles of ** even 
distribution," the consequence that nearly all the triglyceride molecules will 
contain at least one oleo-group — ^in other words, few triglyceride molecules 
will include three saturated acyl radicals. 

The component adds of the fully saturated glycerides present in small 
proportions in the fats discussed on pp. 299-215. It was pointed out 
(p. 206) that, when the proportion of oleic acid, and therefore of oleo- 
glycerides, in a fat is small (e.g. the Palmae seed fats, nutm^ butter, dika 
fats), the component acids of the fully saturated, major portion of the fat are 
present in much the same proportions as in the whole fat. In cases where 
the ratio of saturated to unsaturated acids in the whole fat falls within the 
range of i— i-y : i, on the other hand, there is, more often than not, a marked 
tendency for the saturated acid of lower molecular weight to concentrate in 
the 5 ^m all amoxmts of fully saturated components present in such fats. The 
reason for this is at present obscure, and this state of afiairs does not hold in 
every case ; but it is sufficiently usual to deserve notice here, and is illus- 
trated by tbe data collected in Table 74. 

A seeming analogy might be drawn between these general characteristics 
of seed fat fully saturated glycerides and of the relative d^rees of saturation 
of the acids present in fats of aquatic animals. In the latter category, it is 
well recc^piised that the acids of lower molecular weight (i.e. of the C14 and 
Cis series) are the most saturated ; the ratio of saturated to un^turated 

2rv 
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acids ill each group declines sharply on ascending the series from C^4 to C22 
(indeed it is unusual to find more than traces of the saturated Cqo or C22 
acids). Again, sperm head oil and porpoise head oil (Chapter VII, p. 232), 
which contain unusually large amounts of lower saturated acids, have fully 
saturated components in which these acids are definitely concentrated. It 
is possible to account for these phenomena in the aquatic animal fats by 
considerations of hydrogenation or saturation processes in the animal tissues 
(for which there is now considerable evidence) ; but at present it seems 
unlikely that a similar mechanism is operative in seed fat metabolism. 

TABLE 74. COMPARISON OF THE {MOLAK) COMPOSITION OF THE 
SATURATED ACIDS IN THE WHOLE FAT AND THE FULLY SATURATED 
COMPONENTS OF SEED FATS CONTAINING 1-1*7 MOLS, SATURATED 
ACID PER MOL. UNSATURATED ACID 

Seed Fat Percentage Composition Fully Saturated 

OF Saturated Aceds Components 



IN 

THE Whole 

Fat 

Per Cent. 

Saturated Acids 

Borneo tallow 

2 

35 

Cis 

63 

C 20 

(Mol.) 

4*5 

Present 
(Per Cent.) 

% ^0 


— 

31 

67 

2 

5*1 

56 

44 — 

N^atuo tallow 

— 

10 

90 

— 

1-8 

13 

87 — 

Cacao butter 

— 

41 

59 

— 

2-5 

66 

34 — 

AUartblackia Stuhlmannii 

— 

6 

94 

_ 

1*5 

32 

68 — 

Pentadesma butyracea 

— 

10 

90 

— 

3-0 

25 

75 — 

Garcinia morella 

1 

14 

84 

1 

2-7 

39 

61 — 

„ indica 

— 

5 

95 

— 

1*5 

33 

67 — 

Cananum commune (?) 

— 

22 

75 

3 

1*8 

17 

83 — 

Fulasan fat 

— 

5 

55 

40 

1*5 

— 

81 19 

Rambutan tallow 

— 

4 

27 

69 

1*4 

— 

41 59 

Shea butter 

— 

12 

88 

— 

4*5 

55 

45 — 

Mowrah fat 

1 

19 

80 

— 

2*5 

50 

50 — 

— 

53 

47 

— 

1*2 

67 

33 — 

bleem oil 

— 

49 

47 

4 

0*6 

33 

67 — 

Hodgsonia capniocarpa 

1 

78 

20 

1 

2-7 

92 

8 — 


(c) Seed Fats in which Unsaturated Acids Predominate (Liquid Seed 

Fats) 

From the nature of the case, it has. not yet been possible to apply the 
dir^t quantitative method to the very important group of liquid seed fats ; 
but a gCMxi deal of information has been obtained by indirect methods, to 
which general reference has already been made in the preceding chapter 
(pp. 184-3:86) and in the earlier part of the present chapter (pp. 193—198). 
Whilst our loaowledge of the individual components of liquid fats such as 
linseed or soya bean oils and many others is therefore at present less definite 
than in the case of most of the solid seed fats, details will be given below of 
sacii data as we possess at present for some of the more important seed fatty 
oils. 

In most of th^e cases it would be possible to apply the method of calcula- 
taon imm the percMutages of component acids (desoribed on p. ^04) which 
apfa^rs to give at all events approximate accordance with the contents of 
the maiii component glycerides of solid fats revealed by experimental 
analysis ; ty tMs means one might suggest the proportions of the chief 
tXKuponeiits of many liquid seed fats, referred to the three categories of 
oleic, Hnoldk:, and saturated acids (the latter being usually mainly palmitic) . 
It is doubtful at fare^snt, however, how far this method of calculation is 
more than an iid to: procedure which has merely been shown to apply to the 
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particular case of seed fats containing large amounts of oleic and of two 
saturated acids. Nevertheless, since definite proof has been given that such 
liquid fats are elaborated according to the rule of even distribution/' it 
is perhaps permissible to glance at the glyceride structures of some common 
liquid fats — olive, teaseed, groundnut, and cottonseed oils — as suggested 
by similar calculations in which the oleic acid in these oils is divided fro rata 
amongst the linoleic and the saturated (mainly palmitic) acids which are also 
present. The approximate fatty acid compositions, and the deduced 
probable general glyceride structure, of these fats is given in Table 75. 

The chief interest of the figures in Table 75 is the vnde variation in the 
calculated proportions of the component glycerides introduced by simple 
alterations in the proportions of oleic and linoleic acids in the total fatty 
acids of the oils. Of the four examples, teaseed and olive oils are the only 
ones which contain triolein in quantity; the resemblance between the 
probable component glycerides in these two oils is very close through- 
out. Except for the presence of a few per cent, of higher saturated 
acids, groundnut oil differs from olive oil only in its higher pro- 
portion of linoleic acid. The change is amply sufficient, however, 
to result in the virtual disappearance of triolein, if the method of 
calculation is at all valid ; and, although at first sight the replacement 
of one liquid acid (oleic) by a closely related acid (linoleic) might 
appear unlikely to affect appreciably the character of a fatty oil, the 
data in Table 75 suggest that the well-known differences in appearance and 
properties between oils such as olive and groimdnut (and, still more, cotton- 
seed) may be readily explained by the fundamental differences in the nature 
of their chief component glycerides. In cottonseed oil, owing to the rela- 
tively high proportions of palmitic acid, the amount of tri-unsaturated 
glycerides, according to these calculated figures, will actually be lower than 
in either of the other oils. On the other hand, the high content of linoleic 
acid indicates that practically all the triglyceride molecules will contain one, 
whilst some 35 per cent, of the fat may contain two, linoleic groups. 


TABLE 75. POSSIBLE CHIEF GLYCERIDE COMPONENTS OF SOME 
COMMON LIQUID VEGETABLE FATS 


Component acids (approximate') : 
Palmitic acid 

Aracfaidic and higher acids 
Oleic acid 
Linoleic acid 

Posdble component glycerides: 
Trioldui 
Dioleolinoleins 
Oleodilinol^ns 
Pahnitodioledns 
Palmito-oleolinol^ns “ 
Palmitodilino^Ens 


OOVE 

Teaseed 

Grounid- 

Cotton- 

CteL 

Oil 

NUT Qu 

seed Oil 

Per Cent. 

Per Cent, 

Per Cent. 

Per Cent. 

(Mol.) 

(Mol.) 

(Moi.,) 

(Mo 

10 

12 

10 

25 

— 

— 

8 


S2 

81 

62 

30 

8 

7 

20 

45 

45 

45 

^ , ,, 



25 

20 

45 

5 



— 

— .. 

20 

30 

35 

30* 

— 



— 

25^ 

60 

— 

— 

— 

15 


* In the mono-satumted groups include stearic, axadhidic, bel^aik:, and 

lignocedc as well as palmitic acid. 

It must be emphasised that the glyceride figures in Table 75 are 

solely ilhistrative gi nd axe only backed by experimental findings in so far as 
the total oontcait of tii-imsaturatesd (or rather tn-Cig) glycerides is concemed. 

In the notes which follow with reference to individual liquid seed fats. 
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the order of treatment is from the less unsaturated ('" non-drying "') oil 
to the most unsaturated of the " drying oils. 

Teaseed oil. This is very similar to the fruit-coat olive oil in its com- 
ponent acids (palmitic 7*6, oleic 83*3, linoleic 7-4 per cent., with fractional 
percentages of myristic, stearic, and arachidic acids). It contains only 
traces of fully saturated components, whilst its content of tri-Cig glycerides 
is close to the minimum possible. ^ Jt therefore consists of about 70 per 
cent, of tri-unsaturared glycerides (probably about 50 per cent, triolein and 
20 per cent, dioleo-linoleins), the remainder being almost wholly mono- 
palmitodi-'" oleins '' with subordinate amounts of other monosaturated-di- 
oleins and of dipaImito-“ olein.'' 

Groundnut oil.* The component acids are usually oleic ca, 55-60 
linoleic ca, 20—25, palmitic ca. 7—8, and stearic, arachidic, behenic, and lig- 
noceric acids amounting together to about 10 per cent. Containing 
negligible proportions of fully saturated components, it was shown by the 
progressive hydrogenation method ^ to include 56—57 per cent, (almost the 
minimum possible quantity) of tri-Cis glycerides ; it is likely that these are 
almost entirely oleo-linoleins (except for about 10 per cent, of stearodi- 
oleins and that triolein is not present in any great amount. The 

remainder of the fat must consist almost wholly of monosaturated (palmito-, 
stearo-, arachido-, etc.) di-unsaturated (oleo- or linoleo-) glycerides. 

Rape oil. The component acids include 40—50 per cent, of erucic, the 
remainder being a mixture of oleic and linoleic acids with very small propor- 
tions (3—4 per cent, in all) of palmitic and higher saturated acids. From 
crystallisation studies of the completely hydrogenated oil, Amberger 
deduced the absence of triolein or trierucin, and the probable presence of 
considerable amounts of oleodierucin. Hilditch and H. Paul,^^ as a result 
of examination of the oil by progressive hydrogenation, confirmed and 
extended Amberger’s work, and concluded that, apart from about 6 per cent, 
of mixed palmito-oleo- (or linoleo-) erucins, the rape oil investigated con- 
tained about 50 per cent, of di-Cis-erucin and about 44 per cent, of mono- 
Cig-dierucin (the Cjs acid being either oleic or linoleic) ; they considered 
that both CL- and p-* oleo "-dierucins and a- and ^-erucodi-'* oleins " were 
probably present. 

Cottonseed ofl (component acids : myristic 3, palmitic 20, stearic i, 
arachidic i, oleic 30, linoleic 45 per cent. wt.). Hilditch and Lea 1 showed 
in 1927 that, in spite of the presence of 25 per cent, of saturated acids in the 
total adds, less than i per cent, of fully saturated glycerides occurred in 
cottonseed oil. By crystallisation of the completely hydrogenated oil,® and 
later as the result of progressive hydrogenation of the oil ,7 it was established 
that the tri-Cia glyceride content was only 25 per cent., a figure which indi- 
cate that practically the whole of the saturated acids are in the form of 
moimpaimitodi-unsaturated glycerides (or other monosaturated glycerides). 
Tric^an is met unlikely to be present, and cottonseed oil probably consists 
of about 25 per cent, of oleolinoleins, about 70 per cent, of palmitodi- 
** oleans," aiMl about 5 per cent, of other monosaturated-di-*' oleins." 
Palimto-oleo-iinoldn is probably the major component glyceride of cotton- 

* Groundmit oil coutaliis 3—4 per cent, of stearic acid, equivalent to 9—12 per 
cent, of stearodi-*'* oleiiis.** (In Table 75, stearic was included with palmitic 
acid for simplicity of calculation, and the stearodi-*' oleins therefore appear 
with the other mcmcKattirated di-"* oleins in that table,) 
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seed oil, and there is some evidence to suggest that the palmitic radical 
occrQ3ies exclusively the ^-position in the triglyceride molecule. 

Sesame oil (component acids : palmitic 9, stearic 4, arachidic i, oleic 46, 
linoleic 40 per cent. wt.). Progressive hydrogenation studies » show that 
the oil (-which contains little or no fully saturated components) has only 
69 per cent, of tri-Cis glycerides. The saturated acids must therefore, as in 
the previous instances, be present almost wholly as monosaturated (mainly 
palmito- or stearo-) di-*' oleins,^’ and over two-thirds of the fat will consist of 
mixed oleo-linoleins. 

Soya bean oil. From the presence of only 75 per cent, of tristearin in 
the completely hydrogenated oil,® it appears that the saturated acids are 
here also present as monopalmito- or monostearo-di~unsaturated glycerides ; 
with a mixture of about 25 per cent, oleic, 55 per cent, linoleic and 2-3 per 
cent, linolenic acids in the unsaturated acids, it may be considered very 
unlikely that any significant proportions of either of the simple triglycerides 
trilinolein or triolein should be present. Examination of the bromo- 
additive products of the glycerides of soya bean oil by Suzuki and 
Y okoyama and by Hashi revealed no indication of either of the simple 
tri-unsaturated glycerides, but indicated the presence of a number of mixed 
glycerides such as oleodiHnolein, dioleolinolein, oleolinoleo-linolenin, and 
Hnoleo-hnolenins. 

Linseed oil. The component glycerides of this important oil have not 
yet been satisfactorily determined on a quantitative basis. The content of 
tri-Cia glycerides (83 per cent., determined as tristearin in the completely 
hydrogenated fat ®) is not much greater than the minimum possible {81 per 
cent.), and it may be accepted therefore that the 10 per cent, of saturated 
acids are substantially all in combination as monosaturated-diunsaturated 
glycerides. Much the same will probably apply to oleic acid, present in 
similar proportions ; linoleic and linolenic acids each form about 40 per cent, 
of the linseed oil acids. A rough estimate of the probable composition of the 
oil is therefore that about 40 per cent, of it will consist of mixed linoleo- 
linolenins, the remaining 60 j>er cent, of triglycerides containing, for the 
most part, one saturated or one oleic group and two polyethenoid acyl 
radicals (which may be either linoleic or linolenic). The circumstance that 
very few of the triglyceride molecules -vsdll contain less than two di- or 
tri-ethenoid acyl groups doubtless contributes to the excellent diying " 
properties of linseed oil films. 

Qualitative information obtained by crystallisation of the bromo-adducts 
of linseed oil glycerides by Eibner ^ and his colleagues enabled these workers 
to identify two linoleodilinolenins and an oleodilinolenin in linseed oils 
from India, Riga, and Argentina ; whilst Suzuki and Yokoyama,^® uring 
similar methods, have reported the presence in linseed oil ,of two linoleodi- 
linolenins, a dihnoleo-monolinolenin, and an oleodilmolein. 

Other unsatixrated seed fats. A specimen of chw^moogra oil (component 
acids : hydnocarpic 59 and chaulmoogric 40 per cent.) was fractionally 
crystallised after complete hydrogenation by Bomer and Engel,^^ who were 
able to separate the hydrc^enated product into 79 per cent, of dihydro- 
chaulmoc^ro-di-dihydrohydnocaipin and 13 per cent, of dihydrohydnocarpo- 
di-dihydrochaulmoogrin ; th^e figures accord well -with complete partition 
of the "two aridR in the form of evcaaiy distributed " mixed glycerides. 

"Tung €nl and mticica the component adds of which contain respec- 
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lively about 95 per cent, of a-elseostearic acid and about 78 per cent, of 
a-iicanic (keto-eiaeostearic) acid, were converted into their crystalline 
p *'~isonaerides by Morrell and Davis. They found that the crystalline 
“ jS-eiseostearin from tung oil was almost pure tri-^-elaeostearin, whereas 
the ^-licanin from oiticica oil contained but little tri-^-keto-elseosteaiin, 
and was mainly a mixture of glyceiides in which two keto-elaeostearic groups 
were associated with one saturated, or non-conjugated unsaturated, acyl 
group. These observ^ations indicate that the glycerides of these two oils 
are assembled on the same general principles as those of the great majority of 
the seed fats which have been dealt with in this chapter. 

FRUIT-COAT FATS 

It was shown in Chapter IV (p. 115) that the outstanding characteristic 
of fruit-coat fats is that their major component acids are confined to palmitic, 
oleic, and linoleic acids, irrespective of the component acids of the corre- 
sponding seed fats or of the botanical families to which the parent plants 
belong. The data in Table 62 and Fig. 2 of this chapter (pp. 190, 191) indicate 
that, so far as content of fully saturated glycerides (in these cases always 
substantially tripalmitin) is concerned, some fruit-coat fats follow the same 
course as almost all seed fats, i.e. fully saturated glycerides only appear in 
excess of the proportions of saturated acid required to associate with 
unsaturated acids (ca. 1*5 : i) in the form of mixed saturated-unsaturated 
triglycerides. This holds for Stillingia tallow, piqui-a pericarp fat, and the 
fruit-coat fat of an unidentified species (probably Java almond). 

On the other hand, the fruit-coat fats which happened first to be studied 
by the oxidation method — palm oil, olive oil, laurel berry pericarp fat — 
show definitely higher (albeit still small) contents of fully saturated com- 
ponents than would be expected according to the usual generalisation. This 
led at first to the belief that the mixed glycerides of fruit-coat fats were 
constituted essentially differently from those typified by the seed fats. 
Subsequently, not only were the above-mentioned instances of conformity 
with the usual habit encountered, but study of the mixed saturated-un- 
saturated glycerides of olive and palm oils showed that, apart from the 
olserved somewhat abnormal proportions of tripalmitin, the whole of each of 
these fe.ts was assembled on the usual, evenly distributed " lines. Whilst 
therefore, as pointed out on p. 192, it is hardly possible to say at present 
whether the strictly ** evenly distributed type, or the slightly abnormal 
type, of fruit-coat fat is the more common in this group, it may perhaps be 
su^ested that the occasional presence in a fruit-coat fat of more tripalroitin 
timn would be expected may be somewhat analogous to the production, 
in certain seed fats, of small quantities of saturated components in which 
palmitic acid is frequently concentrated to a greater extent than in the 
^turated adds of the bulk of the fats in question. 

Soim account will now be given of the few instances of fruit-coat fats, 
the glyc^rMe structure of which has been investigated in detail. 

^unach brary fat. The fat present in the exterior of berries of 
sp« 3 ies is technically called '' Japan wax,'' owing to its hardness, which is 
due to the pr^enoe of much tripalmitin. It is a mixture of glycerides of 
the following component adds (Tsujimoto ^) : palmitic 77, stearic 5, oldc 
J2, and saturated dicarboxylic adds of the C22 and series, 5—6 per cent, 
(wt.). The high content of tripalmitin is a consequence of its fatty add 
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composition, whilst the long-chain dicarboxylic acid components confer 
certain specific physical properties on the fat* 

StiUingia tallow. This is a fatty deposit on the pericarp of the seeds of 
S. sebifera, the seeds containing a liquid fat rich in linoleic and oleic glycerides. 
Hilditch and Priestman examined two specimens of StiUingia tallow with 
the following results : 

{a) United States {Florida) plantation fat: Component fatty acids : lauric (?) 
1-2, myristic 2*9, palmitic 63*1, stearic 3*2, oleic 29*6 per cent. (wt.). FuUy 
saturated glycerides, 27*6 per cent, (wt.) ; (component acids : myristic 7*2, 
palmitic 83*0, and stearic g -8 per cent. wt.). 

The fully saturated glyceride content indicated that the fat must have 
contained between 61 and 66*5 per cent, of mono-oleo-disaturated glycerides, 
whilst monoazelaodipalmitins equivalent to a content of over 41 per cent. 
of oleodipalmitin in the original fat were isolated from the acidic products of 
oxidation by crystallisation. 

(b) Chinese native fat : Component fatty acids : lauric (?) 2*5, myristic 
3*6, palmitic 57*6, stearic i*8, oleic 34*5 per cent, (wt.) ; fuUy saturated 
glycerides, 23*6 per cent. (wt.). 

The result of these experiments is thus to indicate that the greater part 
(over 60 per cent.) of StiUingia taUow is composed of mono-oleo-disaturated 
glycerides, whilst fuUy saturated glycerides are present to the extent of 
about 25 per cent, or more. Since palmitic acid forms nearly 90 per cent, 
of the saturated fatty acids, these respective classes of glycerides must 
consist mainly of oleodipalmitins and tripalmitin. 

Klimont had concluded many years earlier, as a result of fractional 
crystallisation of the fat itself, that oleodipalmitin, m.p. 37^*, was an important 
component. It appears probable, from the melting point of the natural 
oleodipalmitin, that only the ^-oleodipalmitin is present and that selective 
configuration of the glyceride occurs in this, as in some seed^^ fats. 

Palm oils. Most of those who make technical use of the red palm oils 
of EUeis guineensis have long since realised that the statement — ^still occasion- 
ally found in the literature — that these oils contain tripalmitin in abxmdance 
is far from the tmth. Nevertheless, they contain more of this simple tri- 
glyceride than would be expected from their fatty acid composition, if the 
palm oil glycerides were entirely of the '' evenly distributed '' type which is 
so characteristic of seed fats (and of some fruit-coat fats) . From crystallisa- 
tion of a palm oil and of the same oil after it had been hydrogenated. Brash 
concluded that there was about 10 per cent, of tripalmitin present, and also, 
probably, about the same proportion of triolein. Hilditch and (Miss) E. E. 
Jones isolated and examined the fully saturated glycerides from Belgian 
Congo and Malaya plantation oils and from Cameroons and Drewin (Ivory 
Coast) native oils with the following results : 

Component Acii>s of the On. Fully Saturated 

* Glycerides 



Myr- 

Pal- 

Stearic Oleic 

Lin- 


Component Acids 


ISTfC 

mitic 



oleic 


Myr- 

Pal- 

Stearic 








istic 

mitic 



Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 


'Cent- 

Cent. 

Cent- 

Cent. 

Cent. 

Cent, 

Cent. 

Cent. 

Cent. 

Bdglaii Congo 

1*2 

43‘0 

4-4 

40-2 

11-2 

9-9 

3 

86 

11 

MbLl^ya 

2*5 

40*8 

3-6 

45-2 

7-9 

9-1 

5 

90 

5 

CknoCTooes 

1*4 

401 

5-5 

42-7 

10-3 

7-9 

7 

81 

12 

I^rewin 

14 

32-7 

7-5 

51-7 

6-7 

7-0 





22^ 
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The amount (7-10 per cent.) of fully saturated components varies accord- 
ing to the ratio of saturated to unsaturated acids in the fat as a whole ; 
70-80 per cent, of the fully saturated glycerides consists of tripalmitin. The 
results indicate the following limits for other classes of mixed glycerides : 
** oleo'’“disaturated 30-60, di- oleo -monosaturated 60—0, and tri-'* olein '' 
0-30 per cent., and it was concluded that the greater part of palm oils 
consists of “ oleo "-dipalmitins and palmitodi-^' oleins."' 

Steger and van Loon ^3 found only 2 per cent, of fully saturated glycerides 
(m.p. 54-55'^ — impure tripalmitin and/or palmitostearins) in a Sumatra 
plantation palm oil of the Buitenzorg " variet3^ "tLe component acids of 
which were myristic 1*5, palmitic 42*9, stearic 4*7, oleic 39*8, and linoleic 
11*3 per cent. (wt.). 

Subsequent^, Banks, Dean, and Hilditch determined the tristearin 
content of completely hydrogenated palm oils, and also studied their pro- 
gressive hydrogenation in the cases of a Belgian Congo plantation oil and a 
Cape Palmas native oil (component acids, respectively : myristic 1*3, i*6 ; 
palmitic 41*4, 32*3 ; stearic 4*7, 5-5 ; oleic 42*9, 52*4 ; hnoleic 9-7, 8*2 per 
cent. wt.). They reached the following estimates for the chief component 
glycerides of the two palm oils : 


Component Glycerides 


Fully saturated 

<ixK:ludmg tripalmitin 
** OIto ’’-dipalmitms 

Palmitodi-** oleins (together with any “ oleo 
palmitostearin) 

Tri-C,* glycerides (tri-“ oleins ” or stearodi- 
“ oleins ”) 


Belgian Congo 
Plantation Oil 
Per Cent. (Mol). 
6 5 

ca. 5’5 
29-5 
58 

6 


Cape Palmas 
Native Oil 
Per Cent. (Mol.) 
3-5 
ca. 2) 

16-5 

66 

14 


It is suggested that both a- and ^-palmitodi-Cis glycerides and both 
a- and ^-mono-Cjs-dipalmitins are present in palm oil, but that the respective 
0 - forms predominate. The evidence afforded on this point by study of 
progr^sive hydrogenation is not, however, very satisfactory ; investigation 
of palm oils after preliminary resolution into mainly mono-oleo- and mainly 
di-oleo-glycerides by crystallisation from acetone is desirable to extend our 
knowledge of the palm oil glycerides. In the meantime, it is suggested that 
the comjx>nents of plantation palm oils (and also of native oils of Lagos, 
Bonny Old Calabar, Nigeria, Cameroons, etc., which possess much the same 
mixture of component acids) are probably not far from the following : 
fully^ saturated 7 per cent, (mainly tripalmitin with 1—2 per cent, dipalmito- 
stearin) ; * oleo "-dipalmitins 29 ; ** oleo '"-stearopalmitins 6 ; pahnitodi- 

* oleins 52 ; stearodi-" oleins 6 per cent. 

The seim-soIid nature of palm oil at ordinary European temperatures is 
due to the presence of solid mono-" oleo '"-glycerides (with the small amount 
of fully ^turated comj^nents) dispersed through the 55—60 per cent, or 
thereabouts of |Mlmxtodi-" oleins " (mainly still liquid at this temperature). 

Ptqiifr-a peoeaip fat. The fruit-coat fat of Caryocar villosum is interesting 
Iwrause its fatty acids closely resemble those of palm oils, namely : myristic 
1*5, palmitic 41-2, steanc 0-8, oleic 53*9, linoleic 2*6 per cent. (wt.). Hilditch 
and Rigg found that it only contained 2 per cent, of fully saturated 
com|x>n€nts (tiipalmitin), thus diSering somewhat from palm oils of similar 
fatty aod compoation. No tristeaiin was detected in the completely 
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hydrogenated fat and the components of the fat (in addition to 2 per cent, of 
tripalmitin) are therefore 42 per cent, of oleodipalmitins and 56 per cent, of 
pahnitodioleins — an instance of pronounced '' even distribution.'" 

Fruit-coat fat of Java almond (Canarium commune) (?). This fat, 
examined by Hilditch and Stainsby, 3 i* is also of the completely evenly 
distributed type. Its component acids are very similar to the more 
unsaturated variety of palm oil (e.g. the Cape Palmas oil above), and 
comprise palmitic 33*9, stearic 2*7, oleic 59*3# and linoleic 4*1 per cent, 
(wt.). Palmitodi-"* oleins" probably form nearly 85 per cent, of the fat, 
which further contains about 14 per cent, of " oleo-"dipalmitins and 
less than i per cent, of fully saturated glycerides (palmitostearins). 

Laurel pulp oil (laurus nobilis). This liquid fruit-coat fat (component 
acids : lauric 2*7, palmitic 20-3, oleic 63*0, linoleic 14-0 per cent, wt.) was 
found by Collin to -contain 3 per cent, of fully saturated glycerides (sub- 
stantially tripalmitin) . It may be contrasted with cottonseed oil, which has 
almost the same quantity of combined palmitic acid, but -which yields no 
appreciable quantity of fully saturated components. The high content of 
trilaurin in the corresponding laurel kernel fat (p. 208) is much more excep- 
tional than the tripalmitin content of the pulp fat, which is in line with fruit- 
coat fats of the palm and olive oil type, 

Olive oil. This important fruit-coat fat, the component acids of which 
include about 12 per cent, of saturated acids (mainly palmitic), nearly 80 
per cent, of oleic acid, and about 8 per cent, of linoleic acid (wt.), contains 
2 per cent, of fully saturated glycerides ® (tripalmitin) ; this amount is 
definitely larger than is usually observed in a seed fat of similarly low saturated 
acid content. Progressive hydrogenation studies ^ have shown, in Tuscany 
and Palestine olive oils, that the tri-Cis glyceride content is very near the 
minimum consistent with the fatty acids present. Accordingly, tri- 
imsaturated (oleic and linoleic) glycerides account for nearly 70 per cent, of 
olive oil ; the remainder, apart from the 2 per cent, of tripalmitin and traces 
of oleodipalmitin, consists of monosaturated- (chiefly monopalmito-) di- 
'' oleins." If the linoleic acid in the tri-unsaturated glycerides is similarly 
evenly distributed, the triolein content of olive oil is of the order of 45—50 per 
cent., 20-25 per cent, of the oil being linoleodi oleins. The frequent statement 
that olive oil consists almost entirely of triolein is thus by no means accurate ; 
it is unlikely that the simple triglyceride triolein ever forms more than half 
of the glycerides present in olive oil. 

* Recorded erroneously as the fruit-coat fat of Sterculia fmtida. 


References to Chapter VI 

1. T. P. Hilditch and C. H. Lea, J. Chem. Soc,, 1927, 3106. 

2. G. Collin and T. P. Hilditch, J. Soc. Chem. Ind.^ 1928, 47, 26 it . 

3. G. Collin and T. P. Hilditch, Biochem. J., 1929, 23, 1273. 

4- A- Eibner, L. Widenmayer, and E. Schild, Chem. Umschau, 1927, 34, 312 ; 
A. Eibner and F. Brosel, ibid., 1928, 35, 157. 

5. B. Suzuki and Y. Yokoyama, Rroc. Imp. Acad. Tokyo, 1927, 3, 526, 529 ; 

1929, 5, 265 ; B. Suzuki and Y. Masuda, ibid., 1927, 3, 531 ; 1928, 4, 
165 ; 1931* 7 » 9 - 

6 . T. P. Hilditch and E. C. Jones, J. Soc. Chem. Ind., i 934 » 53 » 13T- 

7. T, P. Hilditch and H. M. Thompson, J. Sac. Chem. Ind., 1937, 56, 434T. 

8. T. P. Hilditch, M. B. Ichaporia, and H. Jasperson, J. Soc. Chem. Ind., 1938, 

57 > 363. 



CHEMICAL CONSTITUTION OF NATURAL FATS 

9. T. P. Hilditch and E. C. Jones, /. Soc., 1932, 805. 

ro. W. J. Bushell and T. P. Hilditch, J. Chem, Soc„ 1937, 1767. 

11. R. S, Morrell and W. R. Davis, /. Oil S* Col, Ckem. Assoc., 1936, 19, 264. 

12. T. P. Hilditch and W. J. Stainsb}', /. Soc. Chem. Ind., 1936, 55, 95T. 

13. T. P. Hilditch and M. B. Ichaporia, J. Soc. Chem. Ind,, 1938, 57, 44. 

14. W. J. Bushell and T. P. Hilditch, /. Soc. Chem. Ind., 1938, 57, 48. 

15- M". J. Bushell and T. P. Hilditch, J. Soc. Chem. Ind., 1938, 57^ 447. 

16. W. J. Bushell and T. P. Hilditch, J. Soc. Chem. Ind., 1939, 58, 24, 

17. T. G. Green and T. P. Hilditch, J. Soc. Chem. Ind., 1938, 57, 49. 

18. T. P. Hilditch, M. L. Meara, and W. H. Pedelty, J. Soc. Chem. Ind., 1939, 

58, 26. 

19. A. Bomer and J. Baumann, Z. Uniers. Nahr. Genussm., 1920, 40, 97 ; A. 

Bomer and K. Schneider, ibid., 1924, 47, 61. 

20. S. V. Puntambekar and S. IMshna, J. Indian Chem. Soc., 1933, 10, 395. 

21. B. G. Gunde and T. P. Hilditch, J. Chem. Soc., 1938, 1610. 

22. G. Collin and T. P. Hilditch, J. Soc. Chem. Ind., 1930, 49, 141T. 

23. A. Bomer and K. Ebach, Z. Unfers. Lehensm., 1928, 55, 501. 

24. G. Collin, J. Soc. Chem. Ind., 1933, 52, loox. 

25. G. Collin, Biochem. J., 1931, 25, 95. 

26. G. Collin and T. P, Hilditch, J. Soc. Chem. Ind., 1930, 49, 13ST. ' 

27. C. Amberger and J. Bauch, Z, Uniers. Nahr. Genussm., 1924, 48, 371. 

2k E. Lewkowitsch, J. Soc. Chem. Ind., 1933, 52, 236T. ^ 

29. C. H. Lea, J. Soc. Chem. Ind., 1929, 48, 41T. • 

30. T. P. Hilditch and J. Priestman, J. Soc. Chem. Ind., 1930, 49, 197T. 

31. T, P. Hilditch and W. J. Stainsby, J. Soc. Chem. Ind., 1934, 53 > 197T. 

32. T. P. Hilditch and S. A. Saletore, J. Soc. Ckem. Ind., 1931, 50, 468T ; 1933, 

52, lOIT. 

33. M. L. Meara and Y. A. H. Zaky, unpublished observation. 

34. D. R. Dhingra, G. L. Seth, and P. C. Speers, J. Soc. Chem. Ind., 1933, 52, 

ii6t. 

35. T. P. Hilditch and K. S. Murti, unpublished observation. 

36. T. P. Hilditch and J. G. Rigg, J. Soc. Chem. Ind., 1935, 54, 109T. 

37. T. P. Hilditch and K. S. Murti, J. Soc. Chem. Ind., 1939, 58, 310. 

38. R. Heise, Tropenpflanzer, 1897, i, 10. 

39. R. Fritzweiler, Z. Uniers. Nahr. Gemcssm., 1902, 5, 1164. 

40. J. Klimont, Monatsh., 1904, 25, 931. 

41. A. Banks, H. K. Dean, and T. P. Hilditch, J, Soc. Chem. Ind., 1935, 54, 771. 

42. T. P. Hilditch and H. Paul, /. Soc. Chem. Ind., 1935, 54, 33 it. 

43. C. Amberger, Z. Uniers. Nahr. Genussm., 1920, 40, 192. 

44. B. Suzuki and Y. Yokoyama, Proc. Imp. Acad. Tokyo, 1927, 3, 529. 

45. K. Hashi, J. Soc. Chem. Ind. Japan, jgzj, 30, 849, 856. 

46. B. Suzuki and Y. Yokoyama, Proc. Imp. Acad. Tokyo, 1927, 3, 526. 

47. A. Bom^ and H. Engel, Z. Uniers. Lehensm., 1929, 57, 113. 

48. M. TsuJMoto, Bull. Chem. Soc. Japan, 1931, 6, 325, 337 ; 1935, ^0, 212. 

49. T. P. Hilditch and J. Priestman, J. Soc. Chem. Ind., 1930, 49, 397T. 

50. J. Klimont, Monatsh., 1903, 24, 408 ; 1905, 26, 567. 

51. W. Brash, /. Soc. Ckem. Ind., 1926, 4^ 438T. 

52. T. P. Hilditch and (Miss) E. E. Jones, J. Soc. Chem. Ind., 1930, 49, 363T. 

53. A. Steger and J. van Loon, Rec. trav. chim., 1935, 54, 284. 



CHAPTER VII 


THE COMPONENT GLYCERIDES OF ANIMAL FATS 

Detailed modem work on the glyceride structure of animal fats has been 
so far chiefly concerned with depot and milk fats of the herbivorous land 
animals, especially those of ox, sheep, and pig depots and cows’ milk. Depot 
fats of a few of the smaller animals and birds have been similarly investigated 
but, although the general outlines of animal depot fat structure are probably 
now well understood, the range of investigation has been more restricted 
than is the case with vegetable seed fats. This is of course natural, owing 
to the present lack of data for even the component acids of many groups of 
land animals, especially the carnivora {cf. Chapter III, p. 76). Modern 
research on the component glycerides of marine animal fats is not lacking, 
but in this field the large number of component acids present, and the highly 
unsaturated nature of many of these, has so far prevented the application of 
the methods which have proved useful when the major constituent acids of 
a fat are only three or four in number, and when unsaturation is practically 
confined to acids of the C^g series (usually oleic and linoleic). We shall 
consider in sequence the available data regarding the component glycerides 
of marine animal fats, and those of land animal fats. (The component acids 
of these fats were dealt with respectively in Chapters II and III.) 

MARINE ANIMAL FATS 

The great majority of fish oils and of ordinary whale, seal, and similar 
oils only contain about 15-20 per cent, of saturated fatty acids, and con- 
sequently most of them possess no detectable quantity of fully saturated 
components. The oxidation method of investigation is therefore not of 
great service when applied to these fats, although it has given useful infor- 
mation with regard to the rather special case of the sperm whale oils (or 
rather waxes), to which further reference is made later. 

The structure of the glycerides of many marine animal oils is neverthe- 
less well illustrated, from a qualitative point of view, by the studio of 
Suzuki and his co-workers.^ They have established the presence of a 
sufi&cient number of mixed glycerides in these oils to justify the conclusions 
that the distribution of the numerous component acids of a fish or whale oil 
amongst the glycerol molecules of the fat is profoundly heterogeneous and 
that, whilst simple triglycerides are either absent or very rare, the most 
common form is a triglyceride containing three different acids, although 
sometimes two radicals of the same fatty acid are observed in a single 
glyceride molecule. The following examples of glycerides isolated in the 
form of their bromo-addition products by Suzuki and co-workers from 
various oils will serve by way of illustration : 

Cod liver oil : stearidono-diclupanodonin, diarachidono-clupanodonin, 
hexadeceno-stearidono-dupanodonin, hexadecono'-arachidciio-cluimiodoiim, 
dihexadeceno-linolenin and -linolein, etc. 
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Herring oil : Iiexadeceno-diarachidonin, gadoieo-diarachidonin, linoleno- 
gadoleo-clupanodonin, Imoleo-digadolein and -dihexadecenin, dicetoleo- 
gadolein» etc. 

Sardine oil : some of the foregoing, with dicetoleo-olein, dicetoleo- 
arachidonin, triolein, triarachidonin, etc. 

Shark liver oil : linoleno-diclupanodonin, arachidono-diclupanodonin, 
linoleno-arachidono-cliipanodonin, iinoleno-digadolein, dihexadeceno-linolein, 
palmitodiolein, triolein, etc. 

Whede oil : oleo-arachidono-clopanodonin, oleo-diclupanodonin, oleo- 
diarachidonm, dihexadeceno-olein, etc. 

Confirmatory evidence of the very mixed character of whale oil glycerides 
is afforded by the work of Greitemann 2 who isolated specimens of the follow- 
ing mixed glycerides from hydrogenated whale oil : myristo-palmito- 
arachidin {m.p. 49*5“), palmito-stearo-arachidin (m.p. 57*3®), distearo- 
arachidin (m.p. 62-3°), stearo-arachido-behenin (m.p. 65°) and traces of 
diaracMdo-behenin and arachido-dibehenin. 

The glycerides of cod liver oil and of an Antarctic whale oil have been 
studied by means of catalytic hydrogenation to varying stages by Harper 
and Hiiditch ® and by Hilditch and TerleskiA In the earlier stages of 
hydrogenation of these oils the highly imsaturated {C20 ^.nd C22) acyl groups 
are chiefly reduced, but subsequently palmitic and stearic groups are formed 
from the corresponding mono-ethenoid glycerides whilst a certain proportion 
of di- or tri-ethenoid Cso and C22 compounds are still present. Even at low 
iodine values, e.g. 20-30, of the hydrogenated fats, some of the C20 and C22 
acids are still more highly unsaturated than mono-ethenoid. The rate of 
production of fully saturated gl^’cerides is slow until the final stages of the 
reduction (below iodine value 40-^50). A summary of the data obtained for 
the component acids of the hydrogenated fats and also for the fully saturated 
glyceiides produced is given in Tables 76 (cod liver oil) and 77 (Antarctic 
whale oil). 


TABLE 76. COMPOSITION OF 

ORIGINAL AND HYDROGENATED 

COD LTVER OILS iMOL . PER CENT .} 





Iodine ¥aiiie of fat : 

177-7^ 

100-3 

ll’Q 

63-0 

48-8 


35-8 

24-8 


14-3 

Cdinpcncait acids : 






















Gi* 

1-8 

4-0 

3-0 

3-8 

1-8 


2-2 

2-9 


3-8 

Gii, 

14-0 

13-9 

15-6 

17-5 

21-2 


22-2 

21-4 


22-9 

c.. 

1-5 

3-8 

9-0 

11-5 

15-3 


16-4 

20-7 


22-7 

c*. 

— 

1-7 

3-9 

5.4 

9-0 


13-0 

16-5 


21-3 

G** 

— 

0-6 

2-3 

2-9 

4-9 


8-4 

12-1 


13-9 

G»* 
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0-4 
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0-3 


0-2 
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0*3 
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0-9 

1-3 
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9-3 

7-8 

7-2 

5-3 

2-7 


3-1 

2-4 


0-5 

G»* 

26-4 

23-1 

18-0 

16-8 

13-0 


10-5 

6-4 


2-4 


25-8 

24-3 

21-1 

16-5 

13-4 


12-7 

7-6 


5-7 

c** 
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20-4 

19-0 

18-7 

16-5 


10-3 
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TABLE 76. COMPOSITION OF ORIGINAL AND HYDROGENATED COD LIVER 
OILS iMOL, PER CENT)— continued. 


Fully saturated glycerides 

4-9 10-4 

15-7 

22*0 

46-2 

60-4 

Component acids in fully 






saturated glycerides : 






Myristic 

3*6 

3-2 

5 6 

6-2 

2*2 

Palmitic 

29*7 

39-1 

30-2 

26-4 

29 1 

Stearic 

32-4 

28-5 

23-6 

29-9 

26-4 

Arachidic 

26-3 

19-3 

26-4 

22-9 

250 

Behenic 

8-0 

6-5 

10-6 

14-6 

15-9 

Lignoceric 

— 

3-4 

3-6 

— 

1-4 


* Original oil. 


TABLE 77. COMPOSITION OF ORIGINAL AND HYDROGENATED 
ANTARCTIC WHALE OILS iMOL. PER CENT.) 


Iodine value of fat : 

109-3^ 

88-6 

70-7 

48-8 

28-2 

11-9 

Component acids: 







Saturated : 







Ci4 

7-5 

9-9 

10-6 

11-1 

11-2 

12-8 

Cl* 

19-3 

17-1 

17-9 

25-6 

30-2 

29-2 

Gi* 

2-3 

2-6 

2-3 

10-4 

20-8 

32-3 

Ga* 

— 

0-2 

0-2 

2-6 

6-1 

9 5 

Cat 

— 

— 

— 

0-3 

1-6 

3-4 

Unsaturated : 







Gi4 

4-4 

2-4 

3-6 

2-2 

1-8 

0-7 

Cx, 

14-2 

17-5 

16-3 

8-2 

3-7 

1-3 

Gi* 

37-0 

33-7 

32-9 

25-9 

15-1 

6-4 

Ga* 

10-1 

13-2 

11-1 

9-5 

6-3 

3-0 

G*» 

5-2 

3-4 

5-1 

4-2 

3-2 

1-4 

Mean unsaturation of un- 







saturated acids : 







Cl* 

1—20) 

(-2-0) 

(-20) 

(-2-0) 

(-2-0) 

(-2-0) 

Gi* 

(-2 0) 

(-2-0) 

(-2-0) 

(-2-0) 

(-2-0) 

(-2-0) 

Git 

(-2-6) 

(-2-2) 

(-2-0) 

(-2-0) 

(-2-0) 

(-2-0) 

Gao 

(-5-6) 

(-4-4) 

(-3-2) 

(-2-4) 

(-2-2) 

(-2-0) 

Gat 

(-9-0) 

(-6-9) 

(-3-8) 

(-2-7) 

(-2-3) 

(-2-0) 

Fully saturated glycerides 



4-7 

13-7 

32fl 

64-4 

Gomponent acids in fully 







saturated glyceride^: 







ILauxic 



0-9 

— 

4-0 

02 

Myristic 



38-5 

16-9 

16-3 

17-1 

Palmitic 



40-3 

47-2 

37-5 

33-2 

Stearic 



20-3 

28-5 

31-3 

33-9 

Arachidic 



— 

7-4 

8-4 

n-4 

Behenic 



— 

— 

2-5 

4-2 


* Original Oil. 


The changes in the nature of the fuUy hydrogenated glycerides produced 
at different stages of the hydrogenation are more clearly seen if the amounts 
of the component acids in the fully saturated glycerides present in loo mols. 
of each of the hydrogenated fats (instead of their percentage composition) 
are considered. These values are shown in Tables 78 and 79. 

The figures in Tables 78 and 79 show that in lH3th the fish oil and the 
marine animal blubber oil the fully hydrogenated triglycerides at first 
produced by hydrogenation contain chiefly palmitic and stearic (and m37ristic) 
acids, arachidic and behenic acids being* present only in small proportions- 
Subsequently saturated glycerides containing the latter are product in 
quantity, whilst palmitic and stearic glycerides are being formed at the 
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TABLE 78. COMPONENT ACIDS PRESENT AS FULLY HYDROGENATED 
GLYCERIDES PER 100 MOLS, OF HYDROGENATED COD LIVER OILS 


Iodine value of fat: 

630 

48-8 

35-8 

24-8 

14-3 

Folly saturated, percent, (mol.): 

10-4 

15*7 

22-0 

46-2 

60-4 

Component acids: 



1-2 

2-9 

1-3 

Myristic 

0-4 

0*5 

Palmitic 

31 

6-1 

6-7 

2-2 

17-6 

Stearic 

3-4 

4-6 

5-2 

13-8 

15-9 

Arachidic 

2'7 

3-0 

5-8 

10-6 

15-2 

Behenic 

0-8 

1-0 

2-3 

6-7 

9-5 

Lignoceric 

— 

0-5 

0-8 

— 

0*9 


TABLE 79. COMPONENT ACIDS PRESENT AS FULLY HYDROGENATED 
GLYCERIDES PER 100 MOLS. OF HYDROGENATED WHALE OILS 


Iodine value of fat : 

70-7 

48-8 

28-2 

11-9 

Fully saturate, per cent, (mol.) 

- 4-7 

13-7 

32-0 

64-4 

Component acids: 

Myristic * 

1-9 

2-3 

6-5 

11-1 

Palmitic 

1-9 

6-5 

12-0 

21-4 

Stearic 

0-9 

3-9 

10-0 

21-8 

Aracbidic 

— 

1-0 

2-7 

7-3 

Behenic 

— 

— 

0-8 

2-8 


* InHcludiiis sarimll aniounts of lauric. 

same time. This is further evidence that the original oils consist of a com- 
plex mixture of mixed triglycerides in which many combinations of the 
component acids are present ; and in which there are always at least two, 
and usually three different adds in each triglyceride. 

In cod liver oil, which contains 45 per cent, of misaturated acids of the 
C20 and Caa series, most of the glyceride molecules will contain at least one 
acyl group from these series. 

In the whale oil, the mixture of glycerides is probably almost as complex 
hut, owing to the presence of only 16-20 per cent, of unsaturated Cgo and 
Cga; adds, almc^t half of the oil probably consists of glycerides containing 
only adds of the Cig, Ciq, and C14 series. A hydrogenated whale oil of 
similar iodine value to beef or mutton tallow contains about the same pro- 
portion of fully saturated glycerides as the latter, and, in consequence of the 
relative lack of or saturated acids at the earlier stages of hydrogena- 
tion, the component adds of such fully saturated glycerides are more similar 
to those of the corresponding components of tallows than might at first he 
expected- The (liquid) components of the rest of the fat (mixed saturated- 
unsaturated glycerides) are of course entirely different from those of tallow, 
owing to the presence of and C22 unsaturated acids and of the tso 
mono-ethenoid adds of hydrogenation. 

The data discu^ed a^ve refer to various fish and whale oils which are 
compo»i cntiiely of glyceride of the ordinary range of " aquatic fatty 
adds. A few ol»ervations have been made with reference to the components 
of ^peim whate oils (a mixture of glycerides and wax esters with the latter 
piedo«iiiiiatiiig) and of porpoise body fats, which contain the unusual 
i»vatoric add as a component, and are mainly glycerides with a very small 
proportion of wax esteis. 

wiiafe The head and blubber oils of the sperm whale, the 

unusual add and alcobol compcMjents of which have already received notice 
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(Chapter II, pp. 52-54), have been examined by Hilditch and Lovem by 
means of the oxidation method ; ^ it was found that in both oils the fatty 
acids are united in the usual heterogeneous and complex manner both with 
glycerol and with the higher alcohols. The head oil contains about 26 per 
cent, and the blubber oil about 34 per cent, of glycerides, the rest in each 
case being wax esters of the higher alcohols. 

Sperm head oil. Semi-quantitative examination of the saturated por- 
tions of the head oil revealed that in 100 parts of the original oil there were 
present about 3 parts of fully saturated glycerides, together witli about 
26 parts of wax esters built up entirely from saturated alcohols and acids ; 
there was a marked tendency for the fatty acids of lower molecular weight 
(capric, lauric) to associate predominantly with the three saturated alcohols 
(tetradecyl, octadecyl, and cetyl, the last in much greater proportion than 
the first two). Further, about 24 parts of the oil were composed of esters of 
saturated acids with unsaturated alcohols, and about iS parts of esters of 
unsaturated acids with saturated alcohols ; the remainder of the oil (about 
29 parts) consisted of esters of unsaturated acids and alcohols and of mixed 
saturated-unsaturated glycerides. There can be no marked proportion of 
cetyl palmitate present, since although cetyl alcohol is the major alcoholic 
component of the wax, palmitic acid is combined with it to a far less degree 
than lauric, mjnristic, and capric acids ; the chief saturated wax esters 
present are undoubtedly cetyl laurate and myristate. 

Sperm blubber oil. Although the blubber oil was not amenable to 
similar detailed treatment, the data obtained indicated that its general 
structure is not dissimilar from that of the head oil, and that it is a hetero- 
geneous mixture of various wax esters (mainly liquid, owing to the more 
unsaturated character of both the alcohols and the acids present) and mixed 
triglycerides. Since oleyl alcohol is the chief alcoholic component, and oleic 
and hexadecenoic acids comprise the greater part of the fatty acids present, 
^v^it is clear that both oleyl oleate and hexadecenoate are present in abundance, 
r , Porx>oise body fat. Lovem ® observed that the body fat (almost wholly 
^ glycerides) of a porpoise contained 10-5 per cent, by weight (12*9 per cent, 
mol.) of fully saturated glycerides. The molar percentages of the acids 
present in the whole fat and in the fully saturated glycerides were as follows : 



In WHcae Fat 

In Fully Saturated 
Part 


E*er Cent. (Mol.) 

Per Cent. (Mol.) 

Saturated: 

/yr^valeric 

28*7 

43-6 

Lauric 

3*8 

16*8 

Mydstic 

11*4 

31-5 

Palmitic 

39 

8-1 

Unsaturated: 


4'5(— 2-OH) 

— 

C, 

23*0 (—2-OH) 

— 

Cis 

12*8 (—2-8H) 

— 


7.4(— 4-8H) 

— 

C 22 

4*5(-4*9H) 

— 


The glyceride structure of this fat appears somewhat curious in several 
respects. There is suflficient unsaturated add pr^ent to produce a complete 
mixture of mixed saturated-unsatmated glycerides, but in fact about 13 mols. 
of triglycerides out of every 100 are fully saturated. In this respect, however, 
porpoise body oil falls in line with ^>erm head oil and with the depot fat of 
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the amphibian green turtle ; ^ both of these fats are also notable for the 
presence of unusual proportions of low molecular weight acids (w-decanoic, 
lauric, myristic). 

The proportion of each of the total saturated fatty acids of porpoise body 
fat present in the form of fuUy saturated glycerides is isovaleric 20, lauric 60, 
myristic 36, and palmitic 27 per cent. This is in accordance with the corre- 
S|x>nding features of sperm head oil in that larger proportions of the acids of 
lower molecular weight are combined as fully saturated material, except 
that the isovaleric acid is an outstanding exception. Only 20 per cent, of 
it is so combined, the remaining 80 per cent, being combined in glycerides 
which also contain at least one unsaturated acyl group. Whilst this is 
perhaps surprising, it nevertheless demonstrates very definitely that the 
abnormal isovaleric acid is interwoven with the more usual higher fatty 
acids into mixed glycerides of the customary type. 

Green turtle depot fat. The fat of the amphibian Chelone fnydas may 
be included here, j^nce its glyceride structure appears from the work of 
Green and Hilditch 7 to be more akin to those of the marine animals just 
dealt with than to that of land animals. The component acids of the original 
fat were n-decanoic 0*3, lauric 16-9, myristic 11*9, palmitic 17*0, stearic 3-7 ; 
imsaturated C34 1*5, Cig 7*8 ( — 2'oH), 35*S ( — 2'2H), and C20 5*^ ( — 6*3H) 

per cent- (moL). Examination of fractions of the fat obtained by the 
acetone-ciystailisation procedure (Chapter VI, p. 198) showed the presence 
of 9*6 per cent, (mol.) of fully saturated glycerides and about 9 per cent, 
(mol.) of tri-Cjs glycerides. The acids in the fully saturated components 
were in the same proportions as those in which they occurred in the whole 
fat, and consisted of mixed glycerides of lauric, myristic, palmitic, and a 
little stearic acid. The tri-Cjs glycerides may be wholly tri-*" olein,*' or 
may contain some stearodi-** olein." There is sufficient unsaturated acid 
(50 per cent. moL) to permit the turtle fat to be made up wholly of mixed 
saturated-unsaturated glycerides, whilst little more than a third of its 
acids are of the unsaturated Cig series ; yet it contains nearly 10 per cent- 
(mol.) each of fully saturated and of tri-Cjg glycerides. The remaining 80 per 
cent, of the fat, on the other hand, contains a mixture of acids in very similar 
proportions to those in the whole of the fat ; this 80 per cent, is composed 
entirely of the customary'^ mixed saturated-unsaturated triglycerides, in 
which the somewhat unusual proportion of lauric acid is distributed indis- 
criminately with the more commonly occurring acids throughout the mixed 
glycerides. Most of this part of the fat, also, must contain at least one 
oleic " group, usually associated with two acyl groups from amongst the 
rest of the fatty acids. 

LAND ANIMAL DEPOT AND MILK FATS 

The quantitative studies of the glyceride structure of land animal fats, 
as of v^etaMe seed and fruit-coat fats, rest primarily upon observations of 
the amoiant and nature of the fully saturated components which occur 
thereiii. It is therefore desirable to present a summary of these in tabular 
and graphical foim (Table 80 and Fig. 3), ^milar to that employed for the 
v^etahle fats (Chapter VI, Table 62 and Fig. 2)'. In the case of the animal 
fats, tioirever, it will be well to give, in addition to the total percentage of 
»tura ted acids in the component acids of each fat, separate figures for the 
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proportions of palmitic and stearic acids, and of acids of lower molecular 
weight than palmitic. Also, since in the milk fats the range of molecular 
weight of the saturated acids is very wide, it is desirable to give all quantita- 
tive data in this chapter in the form of molar proportions. 

Fig. 3 should be compared with Fig. 2 in Chapter VI (p. 191) showing 
similar data for vegetable seed and fruit-coat fats. In Fig. 3 the 
purely '' evenly distributed types of mixed glycerides which are 
almost universally the rule in seed fats would fall on the horizontal 
axis as far as about 58 per cent, of saturated in the total fatty acids of a fat. 



25 SO 75 m 

Saturated acids in total acids -mds. 


Fig. 3. 

and would thereafter follow the broken line inserted on the graph. It is 
clear that only those animal depot fats containing about 35 per cent, of 
saturated in the total fatty acids conform with this generalisation ; with 
increasing contents of saturated acids the proportions of fully saturated 
glycerides increase steadily, whether in depot or milk fats, and the relation- 
ship between content of fully saturated glycerides and of total saturated 
adds is obviously fundamentally different from that encountered in nearly 
all the vegetable fats (Chapter VI) . 

To eluddate this distinctive relationship further, let us examine some of 
the numerical details induded in Table 80. As already pointed out in 
Chapter I (p. ii), a most characteristic feature of all the land animal fats 
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CHE'MICAL CONSTITUTION OF NATURAL FATS 

seems to be the presence, in something like constancy, of major proportions 
of palmitic acid — about 25-30 per cent, (mol.) of the total acids in depot fats, 
and somewhat less in milk fats. Wlien the amounts of other saturated acids 
are relatively small in comparison with that of palmitic acid (as in the hen, 
rat, and pig "(outer back) fats), the proportion of fully saturated components 
is insignificant and such fats are quite similar in this respect to, for instance, 
vegetable fats with similar mixtures of saturated and unsaturated component 
acids. 

The divergence from the vegetable fats is only noticeable in the depot 
fats of pigs, oxen, etc., and in the milk fats of the cow and other herbivorous 
mammals. Inspection of the data for these depot fats in Table 80 shows 
that, in this group, the fully saturated glyceride content may rise to over 
25 per cent, of the fat, the saturated acids meanwhile approaching 60 per 
cent, or more of the total acids ; but, in the saturated acids, it will be seen 
that the proportions of palmitic, and also of myristic (or lower) acids, remain 
of the same order throughout the series. The increase in saturated acid 
content is practically entirely due to increase in stearic acid. There is, 
however, no prima facie reason why this increased proportion of stearic acid 
should result in such relatively high contents of fully saturated components. 
Indeed, curiously enough, the component acids of cacao butter are strikingly 
similar in their proportions to those of the mutton tallow in Table 80, yet 
cacao butter, like many other seed fats of similar saturated and unsaturated 
acid contents {cf. Chapter VI, Table 63, p. 192) contains negligible quantities 
of fully saturated gl^xerides. If, however, the precursors of these relatively 
saturated depot fats were mixed glycerides of palmitic and oleic acids, and 
these had subsequently undergone, as glycerides, a partial saturation process, 
the observed relationships are exactly those which would be expected. The 
' writer and his colleagues s, 9, 10 have therefore put forward the hypothesis 
that, in the animal depot fats under discussion, the final mixture of component 
glycerides is the consequence of a bio-hydrogenation process which has 
operated after the precursor fatty acids (mainly palmitic and oleic) have been 
a^embled into triglycerides according to what seems to be the general rule 
of mixed glyceride or ** evenly distributed glyceride production. 

The graphical data for this group of depot fats and for the milk fats are 
shown on an enlarged scale in Fig. 4. The entire range of points obtained, 
when fully saturated glyceride content is plotted against total saturated acid 
content of the fats, are clustered round a smooth curve which intersects the 
horizontal axis at a point corresponding to 25—30 per cent, of saturated 
acids — ^tbe amount of palmitic acid invariably fopnd in these fats. The 
abnormal increase in fully saturated glycerides in the depot fats runs exactly 
parallel with increasing amounts of stearic acid present in the glycerides. 
The oteerved relationships can, in fact, readily be explained by the hypo- 
thecs that, in th^e depot fats, the increased proportions of fully saturated 
glycerides are due to hydrogenation or saturation of pre-formed oleo- 
glycerides into steaffo-giycerides. This xx>ssibility is well illustrated by the 
curve (F^- 4) obtained when a depot fat of low stearic acid content was 
hydrc^nated under laboratory conditions. 

It will he however, that the relationships for milk fats fall in exactly 
the ^me cat«^ory as tho^ for depoi fats ; indeed the two series of fats 
overlap on the graph, the most unsatnrated butter fats containing a smaller 
proporticm of saturate adds than the mc^ saturated tallows. 
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If we again consult Table 8o, it will be seen that, in the milkjat component 
saturated acids, there is again a tendency to a constant proportion of palmitic 
acid (although the average molar proportion of the latter is probably some- 
what below rather than above 25 per cent, in the milk fats, as compared wth 
25-30 per cent- in the depot fats). The increase in total saturated acids, 
which in many instances is more marked than in the depot fats (the saturated 
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The general relationships shown in Fig. 4 are explicable, in the milk fats 
as in the depot fats, if it can be supposed that in both groups saturated 
glycerides have resulted from transformation of pre-formed oleo~glycerides ; 
but, of course, to apply this h54X>thesis to the milk fat glycerides involves 
much more than the simple h^’drogenation of oleo-glycerides. It demands 
the conversion of an oieo-glyceiide into, for example, a butyxo- or capro- 
glyceride, and this in turn involves a process of combined oxidation and 
reduction in which, moreover, a free carboxyl group must not be concerned, 
since it is the glyceride itself which must be transformed. This conception 
seems less unlikely- at the present time than when it was first suggested by 
Hilditch and Sleighthoime 12 in 1930. At that time it was generally 
held that blood phospholipins were the probable precursors of milk fat, but 
subsequently, and especially in consequence of the work of Graham, Jones, 
and KayA® and'of ]VIa3mard, HcCay et it has been shown that milk fat 

glycerides are derived mainly from the non-phospholipin fatty acids of blood, 
probably from those of neutral fat (glycerides). Moreover, the former view 
that oxidation of fats in vivo was confined to the '' ^ "’-oxidation process 
commencing from the free carboxylic acid groups has been modified and 
extended by Jowett and Quastei’s conception of '' multiple alternate 
oxidation,** i.e. oxidation at alternate carbon atoms of a long carbon chain ; 
while Verkade and Lee have shown that, under certain conditions, oxida- 
tion of a terminal methyl group takes place in the living organism. Prima 
facie, therefore, the hypothesis that lower saturated fatty glycerides might 
be produced in vivo from pre-formed oleo-glycerides is not in fundamental 
conflict with the present views * on the precursors of milk fat, or on the 
mechanism of oxidation processes possible in a long carbon chain. 

There is at present no definite proof of the correctness of the hypothesis. 
Indircxrt e\’idence of various kinds seems however to afford considerable 
support in its favour, and may be summed up as follows for each of the two 
groups — depot and milk fats : 


Depot Fats 

(«) Abnormal increase in fully saturated glyceride content only com- 
menoes ■when stearic acid is present in more than minor proportions, and 
then runs exactly^ parallel with the increasing amounts of stearic acid present 

in the depot fat. 

(b) The relationship between fully saturated glyceride and total saturated 
acid contents when a pig fat (of the more unsaturated type) is progressively 
hycirogeiiated to varying extents follows the same course as that shown by 
the series of natural depot fats of increasing saturation ; the glyceride 
structure of the pig fat after hydrogenation to states corresponding with some 
of the ox or sheep depot fats was similar to that of the latter (Hilditch and 
Staiiisby)A'« Whilst the various classes of glycerides present were not 
completely defined by Hilditch * and Stainsby, it was shown that the pig 
outer hack fat contained as its most abimdant constituent palmitodi- 
** oian *' C57~4^ cent.), followed by palmitostearo-" oleins ** (21-36 per 
and tri-Cis glycerides {15 per cent., mainly unsaturated). 

♦ Note, however, that Graham et have recently stated that the resp'ira- 
tory quoticaat of the metabolic processes in the mammary gland is considerahly 
al»ve unity, indicating that glyoerid'es are being synthesised therein from carbo- 
hydrate. 
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(c) Approximate data for each of the component glycerides present in an 
ox depot fat have been given by Hilditch and S. Panl is (r/. p. 250), who 
employed preliminary partial resolution of the fat by crystallisation from 
acetone (Chapter VI, pp. 198-203). The relative proportions obsen^ed for 
the contents of (i) triolein, stearodiolein, oleodistearin, and tristearin ; 
(ii) palmitodiolein, oleopalmitostearin, and palmitodistearin ; and (iii) oleo- 
dipalmitin and stearodipalmitin, were as follows : 


IRI-OLEO 

Tri-Cis glycerides Nil or traces 

Palmitodi-Ci g glycerides — 

Dipalmitomono-Cis — 

glycerides 

In catalytic hydrogenation c 
glycerides in presence of nickel at 170-180° it is found 20 that the process 
takes place in consecutive stages (i.e. only one oleo group at a time is 
saturated) and that, whilst all three stages proceed concurrently, the reduc- 
tion of tri-oleo- to di-oleo-glycerides proceeds much more rapidly than that of 
di-oleo- to mono-oleo-glycerides, the latter probably proceeding somewhat 
more rapidly than the final production of saturated from mono-oleo-glycerides. 
Further, the relative concentration of the different groups has an important 
influence on the amounts of the various semi-hydrogenated glycerides 
produced. The observed percentage proportions of the above constituents of 
the ox depot fat (presented below as stages in the supposed hydrogenation of 
a mixture of preformed tri-'* olein,"' palmitodi-’'* oleins " and dipalmito- 
oleins ”) are quite similar to those which would result by catalytic hydro- 
genation of such a mixture : 


X3I-OL.EO 


109 

22‘7 


Mono-oleo 

2-3 

32-0 

14-7 


Fully 

Saturated 

0-4 

5-8 

7*8 


>f mixtures of mono-, di-, and tri-oleo 


From Unchanged 

Per Cent. 

Tri-“ oleins ” nil or traces 

Paliiiitodi““ oleins ” 37 

Dipalmitomono-“ oleins ” 65 


1st Stage 
Per Cent. 
80 
53 
35 


2nd Stage 
Per Cent. 
17 
10 


3rd Stage 
Per Cent. 
3 


Milk Fats 

(a) Glycerides present in the blood stream of the cow are the precursors 
of milk fats. 13 , i 4 


(b) Bio-oxidation of long acyl chains by mechanisms other than jS-oxida- 
tion from the carboxyl group of a free fatty acid is now known to take place 
in certain conditions. 1® 


(c) In milk fats, minor amounts of lower unsaturated adids are present, 
from A^'^^-flecenoic acid upwards, in all of which the ethylenic linking is 
situated in the same position (with respect to the carboxyl group) as in oleic 
acid- The molar percentages of these acids present in the total acids of a 
typical cow milk fat were found by Hilditch and Longenecker ^1 to be as 


follows : 


Oleic Actd 
A ®‘-^®-Hexadeceiioic 
A ®*^®-Tetrade«esQoic 
A ®'i®-Dodeceo;oic 
A ®’-i®-I>eceiioic 


CHs.[CHJ7-CH:CH 
CHs-ECHJs.CH :CH.l 
CH3.ICH*],-CH:CH.I 
CHa.CH*.CH:CH.L 
CH*:CHT 


-ECHJy.COOH 

tCH*],.COOH 

ICHJ 7 -COOH 

[CHJt.COOH 


Per Cent. 
(Mol.) 
24*8 
3-7 
1-7 
0-5 
0*4 


The presence, in regularly decreasing amounts, of these A ^-i^-mono- 
ethenoid acids of lower molecular size than oleic acid, together with the 
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proved absence of any nnsaturated acid lower in tbe series than decenoic 
acid, suggests that they may represent, so to speak, fragments of trans- 
formed oleo-giycerides which have escaped complete saturation to lower 
saturated glycerides. (If this be the case, the production in milk fat of, for 
instance, a butyro-glyceride is the result of successive removal of terminal 
CH3.CH2 — ^groups from an oleo-glyceride and succeeding lower glycerides 
by an oxidation-reduction process, whilst that of a decano (capric) -glyceride 
would represent an intermediate stage in the process, coupled with saturation 
of the ,^®*^^-ethenoid bond originally present.) 

(^J When cod liver oil is included in the diet of cows there is, in addition 
to a lowered production of milk fat, a very’- marked alteration in its com- 
position (Hilditch and Thompson) .22 The lower saturated fatty acids are 
reduced to about half their usual proportion, the myristic and stearic acid 
contents are also reduced, but to a less extent, while the oleic acid content is 
considerably increased, and several per cent, of the highly unsaturated Cg© 
and Cgg acids, characteristic of cod liver oil, appear instead of the usual 
fractional percentage of “ arachidonic acid (Table Si ; see also Chapter III, 
Tables 44 and 46). 


TABLE 81. COMPONENT ACIDS* OF MILK FATS FROM A COW 
RECEIVING COD LIVER OIL iWEIGHT PER CENT.) 


Acio 

Capmic 

Capiylic 

Capric 

Laurie 

Myristic 

Palmitic 

Stearic 

as Arachidic 

as Oleic 

as Octadecadiecioic 
as uiisaturated 


Normal Diet 
4-4 
1-8 
2 1 
2-8 

3- 8 
10- 1 
25-3 
12-4 

0-8 

31-0 

4- 4 
I-l 


With Cod Liver Oil 
2-1 
0-9 

0- 5 

1 - 2 

3- 1 
6-4 

22-7 

6- 7 
0*6 

43-3 

4- 8 

7- 7 


* Minor imsaturated acid components not included. 


When lins^d or rape oil is similarly fed, the corresponding milk fats are 
unafiect^ as regards the proportions of lower saturated acids present, the 
only significant alteration being an increased oleic acid content balanced by 
somewhat less palmitic and/or myristic and stearic acids. A little of the 
Cfs mono-ethenoid emcic acid of rape oil appears in the milk fat, but on a 
linseed oil diet the characteristic linolenic and linoleic acids of this oil do not 
apf^ax in detectable amounts in the milk fat. 

The highly imsaturated C^o 3nd C22 ^tcids of cod liver oil, however, 
evideotly pass into the milk glands to quite an appreciable extent. The 
effect on the yield and composition of the milk fat is of a temporary nature, 
i.e. the milk fat returns to normal within a few days after the cod liver oil 
diet is stopped. The effect is consistent with a temporary interference with 
the concerned in rmlk fat elaboration ; if the formation of the lower 

fatty gfyceiid^ of butter is due to enzymic oxidation-reduction of oleo- 
glyceriii^, l%hly imsaturated glycerides of the cod liver oil will undoubtedly 
be preferent^y ^sorb^i by the mzymes concerned, which would there- 
fore be imrtially ** jx^isoned or hindered from carrying out their normal 
functiMis- 

If, instead of comparing the percentage compositions of the butter fatty 
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acids, the latter are used (in conjunction with the weights of butter fat pro- 
duced over a definite period) to obtain a rough measure of the weight of each 
component acid produced in this period as butter glycerides (Table 82), 
the effect on the total 3deld of milk fat is seen, together with the following 
points concerning individual acids : butyric and caproic acid production is 
reduced to one-third of the normal ; that of butyric-lauric (taken together) 
is similarly reduced ; monistic and stearic production is reduced by over 
50 per cent., palmitic by about one-third, while the amount of oleo-glycerides 
produced is unaffected or very slightly reduced. In other words, the glycer- 
ides which suffer most in production are precisely those which, on the hypo- 
thesis suggested, are produced by oxidation-reduction processes from oleo- 
glycerides. 


TABLE 82. APPROXIMATE WEIGHT PRODUCTION OF MIEK FATTY ACIDS 
IN A COW RECEIVING 4 OZ, DAILY OF COD LIVER OIL IN FOOD 

(Comfamed milk from 2 cows collected over 4-day periods in each case) 


Milk fat production (2 cows) over 

Before 

Lb. 

7-91 

Durtno 

Lb. 

5-60 

Immediately 

After 

Lb. 

5-33 

After 

2 Weeks 
Lb. 

7-76 

4-day period. 

Corresponding butter fatty acids 

7-51 

5-33 

5-07 

7-37 

Butyric acid 

0-33 

0-11 

0-11 

0-33 

Caproic 

0-13 

0-05 

0-05 

0-13 

Caprylic 

0-16 

0-03 

0-03 

0-16 

Capric 

0-22 

0-06 

0-06 

0-22 

Laurie 

0-28 

0-16 

0-16 

0-27 

Myristic 

0-76 

0-34 

0-32 

0*75 

Palmitic 

1-90 

1-21 

M5 

1-86 

Stearic 

0-93 

0-36 

0-34 

0-91 

Arachidic , 

0-06 

0-03 

0-03 

0*06 

Oleic ,, 

Octadecadienoic acid 

2-33 

2-31 

2-19 

2-28 

0-33 

0-26 

0-24 

0-32 

Cao-aa unsaturated acids 

0-08 

0-41 

0-39 

0-08 

(e) Effect of fasting (inanition) on consumption of milk faL 

It has very 


recently (1938) been shown by Smith and Dastur 23 that when lactating 
cows are caused to fast for several days the yield of milk fat falls con- 
siderably whilst its component acids undergo marked alteration — qualita- 
tively similar to that observed during ingestion of cod liver oil. These 
workers made detailed analyses of the milk fat acids which are reproduced in 
Table 83. 

Whilst the proportion of higher saturated acids (palmitic and stearic) 
remained almost unaffected as a result of inanition, the sum of the molar 
percentages of all the lower acids up to and including C14 fell by 24*2 during 
inanition, this being almost compensated by an increase of about 20 in the 
molar percentage of oleic acid. Whilst the proportions of butyric and 
m3nistic acids were reduced by about two-thirds, and those of the inter- 
vening acids by about seven-eighths, palmitic acid only declined by about 
5 per cent-, whilst the amount *of stearic acid was increased from 9*8 to 
^ 3*5 cent,, or by almost 40 per cent. The authors discuss the sig- 

nificance of these results in the light of possible production of milk fat both 
from blood glycerides and by synthesis from carbohydrate in the mammary 
gland in the following terms : 

The greater change, however, was in the amount of lower fatty acids preset 
and th^e are worthy of special consideration. With regard to their source in 
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TABLE 83. COMPONENT ACIDS OF COW MILK FAT BEFORE AND 

DURING INANITION 

Wt. per 100 G. MouECUL.ES PER 100 Molecules 


Cow No. 1 Cow No. 1 



Before 

Buring 

Cow No. 2 
During 

Before 

During 

Cow No. 2 
During 

Acid 

Inani- 

Inani- 

Inani- 

Inani- 

Inani- 

Inani- 


tion 

tion * 

tion t 

tion 

tion * 

tion t 

Saturated: 







C« 

3-5 

1-2 

2-7 

9-7 

3-5 

7-9 

c« 

0-6 

— 

0-1 

1-2 

— 

0-1 


I-O 

0-1 

O-I 

1-6 

0-2 

0-2 

Cf # 

1*8 

0-2 

1-0 

2-5 

0-3 

1-5 

Cl* 

2*5 

01 

0-6 

3-0 

0*2 

0-7 

Cl* 

11*9 

2-8 

3-8 

12-5 

3-2 

4-3 

Cl* 

23-5 

20*0 

22-1 

22-1 

20-9 

22-1 

Cii 

11-6 

14-3 

9-9 

9-8 

13-5 

8-9 

Ca* 

M 

0-9 

0-9 

0-8 

0-8 

0-8 

Total 

57-5 

39-6 

41-2 

63-2 

42-6 

46-5 

Unsatumted : 







Cl* 

0-2 

— 

0-2t 

0*3 

— 

0-2 

Cl* 

0-2 

— 

0-2t 

0-3 

— 

0-3 

Cl* 

0-9 

Q4t 

0-4t 

I-O 

0-5 

0-5 

* 

3-2 

14 

2-0 

3-0 

1-5 

2-0 

Oleic 

^5-9 

52*8 

51-7 

5o-5 

50-1 

46-9 

Linoleic 

1*2 

2-5 

0-8 

1-0 

2-4 

0-7 

c*« 

0-8 

3-3 

3-5 

0*6 

2-9 

2-9 

Total 

42-4 

60-4 

58-8 

36-7 

57-4 

53-5 

Total of all the acids 

22 6 

4-8 

9-1 

32-1 

7-9 

15-7 


lip to Cl* 


* A sample obtained by mixing the fat secreted on the 11th and 12th days of inanition, 
t A pooled sample from the fat secreted on the last six days of inanition. 
t V/herc the amount of lower acids present is very low and oleic acid predominates as 
in the fats of inanitioo, it is probable that the figures marked $ are somewhat higher than 
the true values*. 

normal butter fat there »re probably three main possibilities. In the first 
place, they may pre-exist in the blood and arise from it directly. Secondly, 
they may be form-^ in the mammary gland itself by breakdown of oleo -glycerides 
as sngg^ted by Milditch and Thompson ** and by Hilditch and Paul. Thirdly, 
they may arise, again in the gland itself, as by-products in the synthesis of the 
fat from some form of carbohydrate material. The theory that they may arise 
directly from the blood gains support from the suggestion that lower fatty acids 
may be formed as by-products of rumination in the cow and that these may then 
!:» transported, by the blood to the mammary gland. In human milk the content 
of th^e lower constituents is exceedingly small. From the present work this 
theory might also appear to receive confirmation from the fact that when 
mminatioii ceased as a result of the enforced fast, the lower fatty acid content of 
the milk also fell. In this connection two points should, however, be noted. 
In the first place it would be natural for these lower compounds, if they exist in 
Mc»d, to be present in the non-phosphatidp fraction of the plasma. But the 
results reocurd^ in a previous paper (Smith suggest that if any of these lower 
acids were present as estrass in this fraction, their amount must have been very 
smaU, and that they certainly did not appear to de^crease during inanition. It is 
always pcesible, however, that during the analysis of the blood lipoids free water- 
solubte acads were lost, for such an occurrence would be exceedingly diJS&cult 
either to detect or avoid. In the second place, if the reduction in -these lower 
ooiistittj«its of miBc fat were due in -the present instance to a deficiency of -the 
mme acids in tJte bkK>d, it would be natm^ to expect that their decrease in the 
milk fat during inanitioii would be counterbalanced by increase fairly evenly 
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distributed, ove:^ the other constituents, whereas it has already been sho»wn 
that almost the whole loss is made good by oleic acid alone. Indeed this last 
observation might well be taken as evidence in support of Hilditch's suggestion 
that the lower acids arise by the oxidation of oleo-glycerides in the gland itself, 
for if this were so, the catabolism of these glycerides might not be so essential 
during inanition when the general acti\dty of the gland was considerably reduced, 
with the consequence that the content of the lower constituents would fall and 
that of oleic acid rise. Recent work, however, by Graham et based partly 

on respiratory quotient measurements, has definitely suggested that fat meta- 
bolism in the mammary gland probably takes the form of synthesis rather than 
of breakdown. The explanation of the present results may therefore be that 
the lower compounds are formed as by-products in the synthesis of oleic acid, 
but that during inanition, when the gland is producing much less than its usual 
amount of fat, the smaller amount of synthesis taking place is able to proceed 
to its final stages, so that the lower acids are almost completely converted into 
oleic. This suggestion gains support from the well-known fact that diets rich 
in carbohydrates and poor in fat cause an increase in the lower fatty acids of the 
mtlTr fat, while those poor in carbohydrates and rich in fat have the reverse 
effect, indicating that wdth diets on which fat synthesis would probably be most 
necessary the lower fatty acids increase. At present it is impossible to decide as 
to which of these various theories is correct but it is hoped that future work now 
contemplated will throw more light on this particular aspect of the subject. 
At present the fact of chief importance emerging from the results just described 
is the inverse relationship existing between the oleic acid on the one hand and 
the lower acids on the other.” 

It will certainly be hoped that the further work contemplated by Dr. 
Smith at the Hannah Dairy Research Institute will lead to results as fruitful 
and enlightening as those now published and, in particular, that the alterna- 
tives of S3mthesis of fat from carbohydrate, or by modification of blood 
glycerides, in the milk glands will in due course be finally settled. Without 
prejudging the issue in any way, it may once more be insisted that any 
explanation of milk fat formation must be able to account for the very 
specific and characteristic relationships of fully saturated glyceride content 
to total unsaturation shown in Table 8o and Figs. 3 and 4 in this chapter 
(pp. 234—237) — a feature which is perhaps yet quite adequately 

appreciated by many workers in this field. 
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Component Glycerides of some Individual Animal Fats 

DEPOT FATS 

Bird and rodent depot fats. The glyceride structures of the depot fats 
of the rat and the rabbit have only been defined in so far as their relatively 
small contents of fully saturated components (mainly tripalmitin) are con- 
cerned (cf. Table 8o, p. 234). 

The abdominal and gizzard fats of Light Sussex hens have been studied in 
somewhat greater detail by Hilditch and Stainsby .25 The component 
acids of the mixed fats included : myristic o-i, palmitic 27-1, stearic 6-7, 
hexadecenoic 7*9, oleic 36*2, linoleic 21*5, and C20-22 unsaturated 0-5 per 
cent. (moL). Fully saturated glycerides formed only 2*5 per cent, of the 
fat, their component acids being (approximately) palmitic 85, and stearic 
15 per cent. ; the fully saturated components were thus mainly tripalmitin 
with some palmitostearins. 

When completely hydrc^enated, the fat contained 2S-29 per cent, of 
tristearin ; the glycerides of the original fat had accordingly the following 
approximate molar composition : tri-Cjs 28—29, mono-Cig-di-Cis 41, di-Cig- 
mono-Ci8 28—29, and tripalmitin 2 per cent. A specimen of the hen fat 
which had been hydrogenated to an iodine value of 14*6 (i.e. to the stage 
when the ratio of saturated to unsaturated acyl groups was approximately 
5:1) was also examined and foimd to contain 58*5 per cent, of fully saturated 
components, made up approximately as follows : tristearin 10, palmitodi- 
stearin 38, dipalmitostearin 8*5, and tripalmitin 2 per cent. The composi- 
tion of Jhe fully saturated part of this incompletely hydrogenated fat showed 
that di-Cie glycerides were still present in quantity in the mixed saturated- 
unsaturated glycerides present. This is unusual at this stage of the hydro- 
genation of a fat containing less than 30 per cent, of combined palmitic acid, 
and points to the pr^ence in the original fat of considerable proportions of 
palmito-hexadeceno-'* oleins.'* (The hexadecenoic acid content (8 per 
cent.) of the fat would suffice to give 24 per cent, of such glycerides, compared 
with the observed total content of 28-29 per cent, of di-Cie glycerides.) 

Hilditch and StSLinshy concluded that the probable components of the 
hen fat were somewhat as follows : 


Per Cent. 

Gei«iai. Type (Mol.) 

Firftr saturated Mainly tripalmitin with small amounts of palmitostearins 2 

Pnolmhly largely palmito-bexadeceno-^* oleins,’’ but might 28-29 
up to 20 per cent, of palmito-hexadeceno- 

McwMSfmifMtocii- ^ l>alimtocii-‘* oletits *’ (but including up tO' 20 per cent, of ' 41 

Cl » g|yc*griifcs- oleo ’’-palmitostearins) . 

Tfi-Ci , Tri-unsaturated, probably oleo-linoleins (but might include 28—29 

up to 20 per cent, of stearodi-“ oleins ”>. 


Tte 7 po* c«at. of stearic acki ccmabiiied in the fat could not be definitely 
all€X»,ted by the experimental methods employed in the case of this fat, but 
must distiibatcd , in about 20 per cent, of the mixed glycerides of the 
'whole fat, i.e. in »>iiie or all of the three groups indicated above. 



THE COMPONENT GLYCERIDES OF HEN AND PIG FATS 

Hen body fats are differentiated from the corresponding fats of pigs, 
sheep, cows, and some other animals {pide infra) by their unusually large 
proportions of tri-Cig {unsat urated) glycerides and, especially, of the mixed 
semi-unsaturated di-Cig-mono-Cia glycerides. The result is a more hetero- 
geneous mixture of mixed triglycerides than in fats of the lard type. This is 
reflected in the physical consistency of the fats. A pig fat of similar mean 
unsaturation and not very different palmitic, stearic, oleic, and linoleic acid 
contents forms a thin, semi-solid, almost homogeneous paste at atmospheric 
temperature ; but the hen body fats separate into two well-marked phases 
— a clear liquid fat with a lower layer of solid glycerides (so-called stearin 


DEPOT FATS OF THE HERBIVORA 

Pig depot fats. Quantitative study of pi^ depot fats has so far been 
confined to examination of the proportions and composition of their fully 
saturated glycerides (Banks and Hilditch ®), and to the study of the products 
formed during progressive hydrogenation of a pig hack fat (Hilditch and 
Stainsby i®). Investigations of pig back and perinephric fats by the most 
recent technique (preliminary resolution of the fats by crystallisation from 
acetone, cf. Chapter VI, p. 198), which leads to a detailed statement of the 
individual glyceride components, are in progress in the author's laboratory, 
but the results are not available at the time of writing. 

Banks and Hilditch ^ studied five pig fats : the outer and the inner layers 
of the back fat and the perinephric or leaf fat from an individual sow, and 
two perinephric fats from members of the same litter which had been fed 
respectively on a fat-free diet and on the same diet with the addition of 3 per 
cent, of groundnut oil.^^ The data obtained in this series are summarised in 
Table 84. 


TABLE 84 

(i) Component Fatty Acids of the Whole Fat {Weight Percentages) 
PiQ Depot Fat Myristic Palmitic Stearic Oleic Dncmleic 


Unsat. 

Per Cent. Per Cent. Per Cent. Per Cent. I^r Cent. Per Cent, 


Outer back (sow) 

3-8 

20-3 

7-9 

54-1 

13-0 

0-9 

Im^r ,, ,, 

3*8 

26-0 

11-0 

44-1 

13-6 

1-5 

Peririephric „ 

3-9 

27-7 

17-6 

35-7 

13-7 

1-4 

Perinephric (pigs. 

3-6 

28-5 

21-4 

41-3 

5-2 

— 

control diet). 

Perinephric (pigs. 

1-7 

25-6 

18-2 

44-2 

10-3 

— 

control diet -{-3 per 

cent, groundnut oil). 

(ii) Component Fatty Acids of the Whole Fat (jSdolar Percentiles') 



Myristic 

Palmitic 

Stearic 

Oleic 

Dnoleic 

CW-«2 


Per Cent. 

Per Cent. 

Per Cent. 

Per Cent. 

Per Cent. 

Unsat. 
Per 'Cent. 

Outer back (sow) 

4-6 

21-7 

7-6 

52-6 

12-7 

1-8 

Inner ,, ,, 

4-6 

27-7 

10-6 

42-6 

13-2 

1-3 

Perinephric 

4-7 

29-4 

16-9 

34-5 

13-3 

1-2 

PariB^^rric (pigs. 

4-4 

30-2 

20-5 

39-9 

5-0 

— 

ocmtrol diet). _ . 

POTn^hric (pigs. 

2-0 

27-4 

17-5 

43-0 

10-1 

— 

control diet 4- 3 per 
cent, groundnut oil). 





- 
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TABLE 84 — continued. 


(iii) Fully Saturated Glycerides present in the Whole Fats 



lOOiNE 

Total 

P'ULLY Saturated CiLvcERiDEs 

Mols. 


Value 

Saturateo 

r 

A 


Sat. Acid 



Acio 

M.P. ®C. 

Weight 

Mols. 

Per Mol. 



Content 


Per Cent. 

Per Cent. 

Unsat. 



Per Cent. 




Acid in 



(Mol.) 




Non-fully 







Sat. Part 

Outer back (sow) 

72-6 

33-9 

0 

2-1 

2-2 

0-48 

Inner ,, „ 

64*6 

42-9 

60 5 

6-6 

6-7 

0-63 

Ferir^phric „ 

590 

51*0 

60*5 

11-2 

11-4 

0-81 

Perinephric (pigs. 

45-7 

55*1 

53-0 

17-4 

17*7 

0-83 

control diet). 







Perinephric (pigs. 

55-1 

46*9 

53-5 

13-0 

13-2 

0-64 

control diet 4 - 3 per 







cent, groundnut oil). 







(iv) Component Fatty Acids of the Fully Saturated Glycerides 



Weight Percentages Molar Percentages 



Myristic Palmitic 

Stearic 

Myristic Palmitic 

Stearic 


Per Cent. Per Cent. 

Per Cent. 

Per Cent. Per Cent. 

Per Cent. 

Outer back (sow) 

0-3 

52-2 

47-5 

0-3 

54-7 

45*0 

Im^r ,, ,, 

1-4 

55-1 

43-5 

1-6 

57-5 

40-9 

Perineplmc ,, 

1-0 

55-6 

43-4 

1-1 

58-0 

40-9 

Perinephric (jugs. 

1-6 

59-3 

39-1 

1-9 

61-5 

36-6 

control diet). 
Perinephric (pigs . 

2-2 

46-0 

51-8 

2-5 

48-4 

49-1 


ccmtrol diet 4- 3 per 
cent. grouiKinut oil). 


From the ** association ratios of the saturated and unsaturated acids 
in the non-fully saturated components of these fats (Table 84 (iii), final 
column) the limits between which the respective proportions of mono^ 
**oIeo"“and di-" oleo ^'-glycerides and of tri-unsaturated glycerides must 
lie may be calculated. Later detailed work on ox depot fat by Hilditch and 
S. Paul ^ {vide p. 252) suggests that the presence of any significant amounts 
of tri-unsaturated glycerides in pig fats is improbable ; if these be assumed to- 
be absent, the molar proportions of the three classes of glycerides present in 
the fats studied by’- Banks and Hilditch would be of the order shown in 
Table 85. 


TABLE 85 


Oiite- l»€i iscm} 
lomx 

Paria^slirk: Cl^gs,, 

Perhieifcic 
<iiie€+3 per cseait. ©rouEid- 

BUt 



Fully 

Mono-“ oleo 

Bl-" OLEO 


Saturated 

OlSATURATED 

M ONOSATUR ATED 


Per Cent. (Mol.) 

Per Cent. (Mol.) 

Per Cent. (Mol.; 


- 2-2 

— 

95-1* 


6-7 

14-9 

78-4 


11*4 

30-3 

58-3 

ccuitrol 

17-7 

29-7 

52-6 

ce«itrc^ 

13-2 

14-8 

72-0 


♦ 2-7 per cent, tri-” 


The ccMupoiient acids of the fully saturated glycerides (Table 84 (iv) ) 
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show more approach to constancy in composition than the saturated acids in 
the whole fats. Whilst the ratios of palmitic (plus the small amounts of 
myristic) to stearic acid in the whole fats lie between the extremes of about 
3-5 : I and 1-5 : i, the corresponding ratios of these acids in the fully saturated 
components vary only from about 1*5 : i to 1:1. The observed tendency 
for the fuUy saturated gtycerides to possess similar compositions, somewhat 
irrespective of the divergent proportions of the acids in the whole fats, is in 
consonance with the supposition that they are for the most part the result of 
a glyceride hydrogenation process ; for oleodipalmitins (with only one 
unsaturated acyl group) will tend to attain, ceteris paribus, complete satura- 
tion more readily than palmitodioleins, and still more so than triolein, in the 
course of hydrogenation of a mixture of all three types of glycerides {cf. 
P- 239)* 

In the fully saturated components of pig depot fats the content of myristic 
acid is distinctly lower than in those of ox depot fats {cf. Table 86, p. 24S), 
and, correspondingly, the melting points (60*5°) of the pig fat fully saturated 
glycerides containing about 40 per cent, (mol.) of stearic acid are several 
degrees higher than those (54-54*5°) of ox depot fully saturated glycerides 
of similar stearic acid content. This typical difference in the fully saturated 
components of the respective fats is probably also the cause of the charac- 
teristic difierence in the crystalline forms of the sparingly soluble solid 
constituents of ox and pig depot fats which is utilised in the Belfield test ^ 
for distinguishing between beef tallows and lards ; it probably also imder- 
lies the differences between the respective melting and solidifying points of 
the solid constituents of lards and tallows (as utilised by Polenske and 
the corresponding characteristic differences between the melting points of 
these saturated glycerides and of the mixed fatty acids contained therein, 
which were proposed by Bomer^s as a further means of discrimination 
between pig and ox depot fats. 

Hilditch and Stainsby prepared a series of progressively hydrogenated 
fats from the inner back fat of a sow (component acids : myristic 2*8, 
palmitic 27-3, stearic 14-4, oleic 40-9, linoleic 13-5, C20-22 unsaturated i*i per 
cent. mol.). The relation between the fully saturated glyceride and the 
total saturated acid contents of these fats gave the curve in Fig. 4 (p. 237) 
which closely follows the observations on the fully saturated glyceride 
contents of the whole series of natural depot and milk fats. 

The tristearin content of the completely hydrogenated fat, and determina- 
tions of the fully saturated components of fats hydrogenated to iodine values 
i 8*7 and lo-o, indicated in each case the presence of 15 per cent, of tii-Cig 
glycerides in this pig fat, which contained 5*6 per cent, (mol.) of fully saturated 
components (component acids : palmitic 54*0, stearic 46*0 per cent. mol. ; 
probable approximate composition in whole fat : pahnitodistearin 2, 
dipalmitostearin 3 per cent, mol.). 

Crystallisation of the fully saturated glycerides produced in hydro- 
genated fats of iodine values 35-8 and 18-7 gave in each case ^-palmitodi- 
stearin (m.p. 67—67-5°), in amounts corresponding with 76 per cent, and 82 
per cent, of the tot^ palmitodisteaiin present in these fully saturated portions 
of the fat ; it is therefore almost certain that the original pig fat contained 
) 3 -monopahnito-glycerides unaccompanied by any appreciable quantities of 
Gt-monopalmito-glycerides. 

The TrtflTn components of the fat were deduced to be as follows (the 
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alternative figures given depending on whether the tri-Cis glycerides con- 
tained one stearic group or not) : 


0-) FalmitCKii “ oleins ” 

(fi-) “ Oleo ’’“palmitostearins 
Stearodi-"* oleins ” 

Tri-‘‘ oleins ” 

“ Oleo ’’-dipalmitins 
(jS-> Palmitodistearins 
Dipalmitostearins 


From 57 to 42 per cent. CmoL) 


21 

15 

O 


36 

O 

15 

2 

2 

3 


Ox (sheep, goat) dei)ot fats. Data for the amounts and component acids 
of the fully saturated glycerides of beef tallows have been given by Banks 
and Hilditch ( 1932 ) ^ and by Hilditch and Longenecker ( 1937 ), so and for a 
mutton tallow by Collin, Hilditch, and Lea,3i whilst Dhingra and Sharma ^2 
have published similar data for an Indian (Punjab) he-goat depot fat. A 
full analysis of an ox depot fat employing the preliminary resolution of the 
fat from acetone has been made by Hilditch and S. Paul.is 

The less detailed data of Hilditch with Banks and Longenecker, and of 
Dhingra and Sharma, are given in Table 86. 


TABLE 86 

(i) C£M7y>anent Fatty Acids of the Whole Fats {Weight Percentages') 
Saturateo Unsaturated 

U16 


Oleic Dienoic 


Ox d^xjt fat. Sooth Ameri- 

7*8 

27-8 

24-4 


♦ 

4e 

38-9 

M 

4e 

can.® 

Ox depot fat. Sooth Ameri- 

5-8 

24*0 

28-6 

* 

4c 

4c 

41-6 

— 

4c 

can.® 

Ox depot fat. Sooth Ameri- 

4-5 

30-6 

19-2 

* 

4c 

4c 

42*7 

3-0 

4c 

can.® 

Ox dqpot fat. North Am^- 

6-3 

27-4 

14-1 

* 

4c 

4c 

49-6 

2-5 

4c 

can.® 

ShortiMHis buHock, peri- 

3-3t 

24-9 

24-1 

0-8 

0-4 

2-4 

41-8 

1-8 

0-5 


SMMthcmi oow, pennephric 

3-0 

29-2 

21-0 

0-4 

0-6 

2-7 

4M 

1-8 

0-2 

3^M3ctlicmiiMif52r, periii^phric 

* 2 -lt 

26-9 

26-5 

1-3 

0-4 

1-9 

39-1 

1-7 

0-1 

SiKjqp dtepot fat 

4-6 

24-6 

30-5 

4c 

4c 

4 : 

36-0 

4-3 

4c 

Ooat depo^ fat 

5-6t 

25-5 

28-1 

2-4 

4c 

4c 

38-4 


4c 


Cii) Component Fatty Acids of the Whole Fats {hdolar Percentages) 

Saturated Unsaturated 


Ox «tepot fat. South An^ri- 

9-5 

29*2 

23-2 

4c 

4c 

Oleic 

37-1 

Dienoic 

1-0 

4c 

can.® 

Ox fat, .South AnMi- 

6-9 

25-5 

27-4 

4c 

4c 

4c 

40-2 



4c 

gani- 

Cht faL Somii Amrai- 

5-3 

32-9 

18-2 

4c 

4c 

4c 

40-7 

2-9 

4c 

can. 

Ox cfcpot fat, Ncxdi Ajim^ 

7-5 

29-1 

13-4 

4c 

4c 

4c 

47-6 

2-4 

4c 

rmm 

SMMttecn hrifodc:, ped- 

SntfanB oMf, poiK^lAcIc 

3-9t 

26-5 

23-1 

0-7 

0-5 

2 * 6 " 

40-4 

1-8 

0-5 

3-5 

31-0 


0-3 

0-7 

2-8 

39-6 

1*8 

0-2 

StiCMtbozxi pcrinqpiiric 

2-5t 

^-7 

25-4" 

1-1 

0-5 

2-0 

38-0 

1-7 

0-1 

Sl»qp .depot &t ** 

5-5 

26-2 

29*3 

4c 

4c 

4e 

34-8 

4-2 

4c 

<3c»t ctepot fat »® 

7-2$ 

27-0 

25-8 

2-1 

4c 

4c 

36-9 


4c 
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TABLE 86 — continued. 

(iii) Fully Saturated Glycerides Present in the Whole Fats 



lOOINE 

Total 

Fully 

Mols. Sat. 


Value 

Saturated 

Saturated 

Acid Per 



Acid 

Glycerides 

Mol. Unsat 



Content 



Acid in Non 



Weight Mols. 

fully Sat. 



Per Cent. 

Per 

Per 

Part 



(Mol.) 

Cent. 

Cent. 


Ox depot fat. South American ® 

37-1 

61-9 

25-3 

25-8 

0*94 

99 

39-3 

59-8 

25-6 

26-0 

0-84 

99 99 99 99 

42-1 

56-4 

22-5 

22*8 

0-75 

,* ,, „ North American 

Shorthorn bullock, perinephric 

46-6 

50-0 

13*6 

13-9 

0-72 

44-7 

54-2 

15-5 

15-8 

0-78 

„ cow. 

43-2 

54-9 

18-0 

18-4 

0-87 

„ heifer. 

40-4 

57-7 

18-1 

18*6 

0-92 

Sheep depot fat 

41-2 

61-0 

26-0 

26-6 

0-90 

Goat depot fat 

33-5 

63-1 

29-0 

29-2 

0-92 


(iv) Component Fatty Acids of the Fully Saturated Glycerides 


Weight Percentages Molar Percentages 


Mtris- 

TIC 

Per 

Cent. 


Ox depot fat. South American ® 3*3 

»» »» »» »9 »* 3*9 

„ „ „ 81 
,, „ „ North American 6*3 

Shorthorn bullock, perinephric 14*7 

,, cow, ' ,, 10*8 

,, heifer, „ 8-3 

Sheep depot fat 6-1 

Goat depot fat 2*4 


Pal- 

Stearic 

Myris- 

Pal- 

Steark 

mitic 


tic 

mitic 


Per 

Per 

Per 

Per 

Per 

Cent. 

Cent. 

Cent. 

Cent. 

Cent. 

54-9 

41-8 

3-9 

57-0 

39- 1 

56-2 

39-9 

4-5 

58-2 

37-3 

56-3 

35-6 

9-3 

57-7 

33-0 

54-0 

39-7 

7-2 

55-8 

37-0 

33-6 

51-7 

17-1 

34-7 

48-2 

44-0 

45-2 

12-5 

45.4 

42-1 

45-9 

45-8 

9-6 

47-6 

42-8 

50-2 

43-7 

7-1 

52-1 

40-8 

46-1 

48-01 

2-9 

48-5 

45-6 


* Not estimated, 
t Includes traces of lauric acid. 

t Includes 3-5 (wt.) or 4*7 (mol.) per cent, of lauric acid. 
§ Also 3*5 (wt.), 3-0 (mol.) per cent, arachidic acid. 


Banks and Hilditch ® found evidence that the total Cxs acid content of ox 
and sheep depot fats amounted to 62—70 per cent, of the mixed fatty acids, 
but at the time (1932) of their work the minor proportions of lower unsaturated 
acids present were not taken into accoimt, with the result that their recorded 
figures for myristic and oleic acids are somewhat higher than the truth, at 
the expense of palmitic and tetra- and hexa-decenoic acids. Hilditch and 
Longenecker in their 1937 communication, have recalculated the earlier 
figures (cf. Chapter III, pp. 79, 80) and as a result reached the conclusion 
that relative constancy of the total C^s acids of ox and sheep depot fats at 
about 60-65 cent, of the total fatty acids is a strongly marked feature, 
any increase in stearic acid being closely balanced by diminution of oleic 
acid. At the same time, and largely independently of the amount of 
unsaturated acids present, the palmitic acid content of nearly all ox depot 
fats so far examined lies within the relatively constant limits of 30 (±3) per 
cent. mol. 

These relation^ps are, of course,, exactly similar to those which hold in 
the case of pig depot fets. The only differences are that ox and sheep depot 
fats are generally more ^turated (i.e. contain less oleO'-giycerides) than those 
of the pig, and that they also contain definitely more myristic acid in com- 
bination as a minor component. 
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The composition of the fully saturated glycerides of ox and sheep depot 
fats also resembles that of the corresponding parts of pig depot fats (except 
in higher myiistic acid contents). In the eight cases on record, stearic acid 
forms from 37 to 43 per cent, (mol.) of the component acids in six instances, 
the remaining two having 33 and 48 per cent, of stearic acid in the fully 
saturated components. Palmitic and myristic acids thus bear a ratio to 
stearic acid varying between 2 : r and i ; i in the fully saturated components. 
This tendency towards constancy would result from the hydrogenation 
envisaged as operating during the formation of these depot fats, since 
oleodipahnitins would tend to reach complete saturation in greater amounts 
than palmitodioleins (cf. p. 239). 

Since the later, more detailed study of an ox depot fat {cf, below) has 
proved that triolein is not present in significant amounts, the data for the 
eight fats in Table 86 permit the proportions of fully saturated, mono-oleo- 
and di-oleo~glycerides in these instances to be calculated (Table 87) . 


Ox AMO Sheep Oepot Fats 


Ox depot fat, Siouth American • 


»* V, ». North American 
Shorttom biilk>ck, perinephric^*® 

„ teifer, ,, 

Slieep despot fat 
Ooat dbpot fat * ® 


TABLE 87 


Fuuly 

Mono-“ oleo 

I>I-“ OLEO **- 

Saturated 

OlSATURATED 

Monosaturatbd 

Per Cent. 

Per Cent. 

Per Cent. 

(Mol.) 

(Mol.) 

(Mol.) 

25-8 

33-7 

40-5 

26-0 

27-3 

46-7 

22-8 

22-1 

55-1 

13-9 

22-0 

64-1 

15-8 

31-0 

53-2 

18-4 

27*9 

53-7 

18-6 

27-7 

45-5 

26-6 

30-9 

42-5 

29-2 

30-9 

39-9 


As already mentioned, an ox depot fat has been submitted by Hilditch 
and S. Paul ^ to the most recent procedure whereby fuller details of the 
component glycerides can be obtained than by the above methods. Since 
this is, at the moment, the only instance in which an animal depot fat has 
b^n examined in tMs way, it wOl probably be of interest to discuss the 
Faults scttnewhat fully, TLe fat, from the perinephric tissue of a Shorthorn 
had the following component acids : 


Laurie 

Mjrwtic 

Pahmtic 

Sleark: 

Tetiackcciic^ 

Hocadecraoic 

CBgk 

Ckteobcadksioic 


Per Oent. (Wt.) 
0-5 
2*7 
30*4 
23*7 

0- 4 

1- 7 
38*6 

2 - 0 


Per Cent. (Mol.) 
0-7 
3-2 
32-2 
22-6 

0- 5 

1 - 8 
37-1 

1-9 


By a sesies of rxy^iallisations hrom acetone, it was finally resolved into 
ftacAms A, B, C (of increasing solubility), the component acids of 
eadh of wiiicli ■were dtesteooodbaed with the results given in Table 88. 

The |»of>citti:i€Mis aixl feitfy ''acid Gompositions of the fully saturated glycerides 
present in feactfews A and B were deterinined ; tiisteaiin present in the fully 
!»ttirat©dl 'CoanpcMjeHts was 'also estfnmtecl- A portion of each fraction was^ 
al» compieftely hydnogeaated and the tristearin contents of the products 
dtetOTnintti. Tl^e figures evea-tnaJly to the 'data presented in Table 89 ; 





THE COMPONENT GLYCERIDES OF OX AND SHEEP FATS 

TABLE 88. COMPONENT ACIDS OF FRACTIONS A, C OF OX 

DEPOT FAT 


Weight of fraction (g.) 

A 

244 

B 

413 

C 

368 


Iodine value 

15-9 

37-5 

57*4 


Glycerides per cent, (wt.) 

23-8 

40-3 

35-9 


„ (mol.) 

23-9 

40-3 

35-8 


Component acids (per cent, mol.); 
Lauric 


0-2 

0-4 

Mean for 
Whole Fat 
0*25 

Myristic 

1-5 

2-6 

3-0 

2-4 

Palmitic 

46-5 

31-7 

26-5 

33-4 

Stearic 

30-3 

24-7 

11-7 

21-4 

Arachidic 

4-8 

0-3 

0-1 

1-3 

Tetradecenoic 

0-4 

0-4 

0-9 

0-6 

Hexadecenoic 

l-I 

1-6 

2-7 

1-9 

Oleic 

15-4 

37-4 

45-8 

35-2 

Octadecadienoic 

— 

1-1 

8-8 

3-5 

Cao-ati unsaturated 

— 

— 

M 

0-05 


for the details of the method of evaluation involved the reader must be 
referred to the original paper or to the general description of the procedure 
already given in Chapter VI , pp. 198-203 . Attention must be drawn, however, 
to certain features which render the application of this method to animal 
depot fats somewhat more difficult than in the case of seed fats containing, 
substantially, only oleic and linoleic, stearic and one other saturated acid 
(palmitic) as component acids. In animal depot fats the number of minor 
component acids is greater than in many seed fats, and, unfortunately, 
includes, amongst others, about 2 per cent, of hexadecenoic acid {and traces 
of tetradecenoic acid), belonging simultaneously to the unsaturated group 
and to the group of non-Cig acids. In relation to the three major components 
(palmitic 33, stearic 21, oleic 35 oleic " 39), amounting together to 93 per 
cent, of the component acids) the quantity of any one of the minor components 
is almost insignificant ; but it must be remembered that each molecule of a 
minor component will be associated almost invariably with two molecules of 
one or other of the three major components in a mix^ triglyceride molecule, 
so that the total percentage of triglycerides involved is not of the order of 
7 per cent., but about 20 per cent., of the whole fat. Whilst it is desirable 
to draw attention to this feature, it should equally be pointed out that the 
data axe entirely valid from the point of view of the distribution of saturated 
non-Cis and Cig acids in the mixed glycerides of the depot fat, and that the 
great predominance of palmitic acid in the former class ensures that the 
conclusions drawn later cannot be, in point of fact, very far from the actual 
state of affairs. It is perhaps not rmreasonable to remark upon the fact 
that the presence of a number of minor component acids is a bugbear of 
detailed study of component glycerides in natural fats ; in the rare absence 
of these, it is now possible to give an almost exact statement of the component 
glycerides present in a fat containir^ only three fatty acids. 

For the present purpose, mjoistic and lauric are included with palmitic 
glycerides, and arachidic with stearic glycerides, whilst the traces of 
unsatuxated and acids are included in the oleic group. Hexa- 
decenoic (and tetradecenoic) glycerides, which fall in the unsaturated non-Cig 
cat^ory, have been included also with palmitic glycerides, since on hydro- 
genation (for the tri-Cis glyceride determinations) they 3deld palmito- (or 
myristo-) glycerides. Accordingly, in terms of noo-Cig (*‘ palmitic **), 
stearic, and ** oleic derivatives, the data in Table 88, together with those 
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for the fully saturated glycerides and contents of tri-Cig glycerides, may be 
transformed as shown in Table Sg. 


TABLE 


89. GLYCERIDE CATEGORIES (PER CENT. MOL.) PRESENT IN 
FRACTIONS A, B, AND C OF OX DEPOT FAT 


Glycerides 

Component acids (Increments): 
Ealmitic 
Stearic 
“ Oleic 


Component glycerides (increments) : 
Tri-Cis 

Palmitodi«Cia 
I>ipalmitomono-Ci a 
Tripalmitin 

Moiio-“ oko ’’-disaturated 
131-“ oleo ’’-monosaturated 


A 

B 

C 

Whole Fat 

23*9 

40-3 

35*8 

100-0 

11 85 

I4'7 

12*0 

38-55 

8-35 

101 

4-25 

22-7 

3-7 

15*5 

19-55 

38-75 

Fully Mixeo 

Fully Mixed 




Sat. 

0*4 

3-8 

Sat. 

6-1 

3-3 

13-6 

5-8 

0-8 


24-9 

29-0 

60-5 

5-4 

4-9 

2-4 

6-3 

3-5 

22-5 

2-8 

— 

0-6 

— 

— 

3-4 

— 

80 


28-1 

12-9 

49-0 

— 

1-5 


9-2 

22*9 

33-6 


Consideration of the data in Table 89 led to the statement of component 
glycerides in the fractions of the original fat, and therefrom in the whole 
original fat, shown in Table 90. 


TABLE 90. PROBABLE COMPONENT GLYCERIDES (PER CENT. MOL.) 
OF THE OX DEPOT FAT 


C Whole Fat 

A 



Ny 

f ^ 


f 

A ^ 


Fully Mixed 

Fully Mixed 



(In Round 


Sat. 

Sat. 



Numbers) 

Fully saturated glycerides 






(17-4 percent.): 
Tripalmitin 

2-8 — 

0-6 — 



3-4 

3 

I3ipialinitCK5tearin 

5-4 — 

2-4 — 

— 

7-8 

8 

Palroitodisteaiin 

5-8 — 

— — 

— 

5-8 

6 

Tiistearin 

0-4 — 

— — 

— 

0-4 

t 


Memo-*’* oleo ’’’Hdlsaturated 
glycerkk^ (49“0 per 


** ’"’-diimtaiitin — 

4-9 



6-3 

3-5 

14-7 

15 

“ **-f«lmiitos.tearm — 

0*8 

— 

21-8 

9-4 

32-0 

32 

Oteo ’’-disteari'O — 

2-3 

— 

— 

— 

2-3 

2 

M-** ofe» ’"-nMMiosatiirated 
giyceiides (33-6 per 

Ptelmitocli-** oieiiis *’ — 



3-1 

19-6 

22-7 

23 

StearocM-** ofeins ” — 

1-5 

— 

6-1 

3-3 

10-9 

11 


Tr»*s liikifeiia, prolmbiy not exceeding 1 per cent, of the fat, may be present. 

t Ti^earki is present to tlK extent of “tes than 1 cent, of the fat. 

The ox de|M>t fat studied thus consisted of about one-third of oleo 
poJiiiitcJsSteariiis, and oiie-<jtiarter of palmitodi-*’' oleins,'' with (in progres- 
sively diminMiiii^ pix^x>rtians) oleo "-dipalmitin, stearodi-*' olein/' dipal- 
mitcKteaiiii, and fMdmitociistearm. Very sm,all amounts of tiipalmitin, 
trist^aiii, and ^|K«ably| tri-'^ olein " were' also present. 

As menticMied earlkx (Chapter VI, 198—215), the glycerides of several 
solid se«i fats which conform closely to the ** evenly-distributed " type have 
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been in\^estigated by the present method, and it has been found that the 
observed proportions therein of the oleo "-glycerides, and to a less 
extent the mono-** oleo "-glycerides, can be fairly closely reproduced by a 
simple calculation based upon the proportions of the component acids in the 
whole fat. If the chief component acids of the ox depot fat were assembled 
into a mixture of component glycerides on the lines of a t^^pical seed fat 
(in which case there would be negligible proportions of fully saturated 
glycerides present), the application of the calculation referred to would 
suggest the probable presence of about lo per cent, palmitodi-** olein," 
6 per cent, stearodi-** olein," up to 63 per cent, of ** oleo "-palmitostearin, 
and 22 per cent, or more of ** oleo "-dipalmitin — proportions which, naturally, 
differ wdely from those observed in the foregoing analysis. If, on the other 
hand, allowance is made for the 17-4 per cent, of fully saturated glycerides 
known to be present, application of the numerical calculation to the com- 
ponent acids (palmitic 28-0, stearic i5*S, and oleic 38*8 per cent.) of the mixed 
saturated-unsaturated glycerides would suggest the following composition 
for the latter : 22 per cent, palmitodi-" olein," 12 per cent, stearodi-** olein,” 
up to 35 per cent, of " oleo "-palmitostearin, and 14 per cent, or more of 
" oleo "-dipaJmitin. These figures are remarkably close to those actually 
observed (Table 90), but the implication of the coincidence, if it be more than 
a fortuitous one, is not at present altogether clear. Nevertheless, an ** even 
distribution " of the component acids in the mixed saturated-unsaturated 
glycerides produced by the partial conversion of preformed, " evenly- 
distributed," oleo-glycerides into stearo-glycerides is perhaps what might 
be expected, on the hypothesis which has been adopted in this chapter to 
account for the specific glyceride structure of the depot fats under dis- 
cussion. 

It has already been pointed out in the general discussion of depot fat 
glyceride structure earlier in the present chapter (p. 239) that the observed 
proportions in the ox depot fat of {a) tri-" olein," stearodi-** olein," ** oleo 
distearin, and tristearin ; (^) palmitodi-** olein," ** oleo "-palmitostearin, 

and palmit odist earin ; (c) ** oleo "-dipalmitin and dipalmitostearin are of 
the nature which would be anticipated if a biological hydrogenation process 
had operated similarly to addition of hydrogen in presence of a metallic 
catalyst to a preformed mixture of tri-** olein," palmitodi-** olein," and 
** oleo "-dipalmitin in the requisite proportions. In the ox depot fat, little 
or no tri-imsaturated glycerides were present, and the proportions of 
glycerides corresponding with a second or third stage of hydrogenation were 
much less than those of the initial stage. Less of the original oleodipalmitin 
(as presupposed by the hypothesis) has been reduced than of original palmi- 
todiolein, but the amount of the latter present is nearly three times that of 
the former, and this is therefore also in keeping with observations on the 
hydrogenation of mixtures of imsaturated mixed glycerides in presence of 
nickel.20 

The presence of perhaj^ 2—3 per cent, of tripalmitin in a fat which 
contains large proportions of stearic as well as palmitic acid is unusual. 
Tripalmitin has hitherto only been reported in cases in which the saturat^ 
acids of a natural fat consist almost wholly of palmitic acid {e.g. olive oil, 
palm oh, rabbit depot fat), and, when stearic and palmitic acids are both 
present in quantity |as in cacao butter and many other seed fats), any f^y 
^turated components have he«n found to consist of mixed palmitosteariiis- 
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The tripalmitin in ox depot fat is explicable, however, on the above " hydro- 
genation '' hypothesis, since hexadecenoic acid is a minor component of ox 
depot fat, and saturation of any hexadeceno-palmitins present in the fat 
would, of course, yield tripalmitin. 

Component ^ycerides of “ oleo oils*'' The component glycerides of 
some oleo oils, obtained technically by expression of ox depot fats ("' premier 
jus were examined semi-quantitatively by Ranks and Hilditch,who found 
that they contained less fully saturated glyceride in proportion to the molar 
content of saturated acids in the whole fat than the ox depot fats described 
above. The oleo oil fully saturated glycerides were much richer in palmitic 
(and myristic) acid than those of the whole tallows (the molar content of 
stearic acid varied from 27 to 33 per cent., as compared with 37—40 per cent, 
in the fully saturated components of whole tallows). Correspondingly, the 
oleo oils as a whole contained more palmitic (with myristic) acid relatively 
to stearic acid than tallows ; but nevertheless the total amount of Cig 
acids in the whole oleo oils was much the same (about 68—70 mols. per cent.) 
as in most tallows. The non-fuUy saturated components very closely 
resembled the corresponding components of many tallows in their general 
composition. In fact, as would be expected, the chief differences between 
the component glycerides of oleo oils and of ox depot fats as a whole are due 
to selective removal, during pressing, of the higher-melting palmitodistearins 
and tristearin together with, of course, a considerable proportion of mixed 
glycerides (such as oleopalmitostearin) of somewhat lower melting point than 
these. 

The position as regards our knowledge of the natural glycerides present 
in animal depot fats is undoubtedly more satisfactory than it was 15—20 years 
ago ; but the description which has now been given will show the reader that, 
apart from a fairly adequate knowledge of the technically important classes 
of lards and tallows, there is still room for much investigation into the com- 
|x>nent glycerides of other classes of depot fats. The study of depot fats 
from a much wider range of animals and birds than has hitherto been possible 
is necessary before we can even be certain that such fats are confined to the 
types which have already been indicated by the work undertaken up to the 
pr^ent. The writer has endeavoured in the present chapter to give a fair 
representatioii of the information already available, but the somewhat 
fragmentary character of the materials studied, together with the number of 
animal species of which the depot fats have not yet received attention, should 
always be borne in mind. 


MILK FATS 

In spite of the ^eat number of anal3?tical investigations which have been 
imdteatalceii in order to determine on the one hand the characteristic values 
of batter fate fmaiiiiy in connection with their content of so-called volatile 
aciifel, 'and on the other hand the composition of the mixed fatty acids in 
or te®. tiwre is a relative lack of work with reference to the 

.actual natme of the pr^ent in these f ats. 

Tbe first aanous attempts to examine the glyceride structure of a rn tITt fat 
took, as usual, tlwes form of feacfScMEial cxystaJlisation studies, and were due to 
Amberger.^* TMs investigator succeeded in isolating gmall quantities of 
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palmitodistearin (m.p. 62-8®) and stearodipalmitin, and also oleodipalmitin 
and butyropalmito-olein ; whilst he indicated that the amount of triolein 
present was of the order of only 2 per cent. Tristearin and butyrodiolein 
were also considered possibly to be present. The mixed glycerides isolated 
evidently amounted only to a comparatively smallj>roportion of the whole of 
the fat. 

In 1928, Arup 35 separated samples of Irish butter fat into a number of 
fractions by removing solid components which ciy^stallised out from the fat 
as a whole on standing at various temperatures, and determined the Reichert- 
Meissl, Kirschner, iodine, etc., values of the separated fractions. The 
results led him to conclude that the low molecular weight acids, and also 
the higher saturated acids, are distributed more or less evenly throughout 
the whole of the fat, and he found little evidence of the presence of simple 
triglycerides such as tributyrin, triolein, etc. 

Somewhat fuller information on the component glycerides of milk fats 
has resulted from the examination of a number of cow milk fats, and of 
specimens of buffalo, goat, sheep, and camel milk fats by the semi-quanti- 
tative permanganate-acetone oxidation procedure, which leads to the isolation 
of the fully saturated components, and the determination of their amount, and 
of the proportions of the saturated fatty acids therein combined. 

Cow milk fats. Fourteen cow milk fats have been investigated with 
reference to their glyceride structure. Eight of these were from animals 
from England, New Zealand, or India, fed on a natiirai diet of grass or on 
ordinary winter stall diet ; the remaining six were from animals which had 
received, in addition to basal stall feed, certain amounts of specific fatty oils 
or oil cakes. The component acids in these fourteen milk fats have been 
discussed in detail in Chapter HI (pp. 96, 97, loi. Tables 44, 45A, 46), whilst 
their fully saturated glyceride contents are compared witih the proportions 
of saturated acids in the total fatty acids of each fat in Table 80 of this 
Chapter (p. 235). The studies of glyceride structure of these cow milk fats 
included in some cases the determination of the component acids of the fuHy 
saturated components, but others were confined to ascertaining the per- 
centage proportions and mean saponification equivalents of the latter group. 

The more completely examined fats include two market samples of New 
Zealand butter (Hilditch and Miss E. E. Jones 3 ®), two English fats, and a 
New Zealand fat from cows fed on normal pasture or winter (stall) diets 
(Hilditch and Sleightholme ^2)^ and Indian ghee from cows fed on pasture 
{Bhattacharya and Hilditch and two English milk fats from cows on a 
winter stall diet supplemented by either coconut or soya bean cake (Hilditch 
and Sleightholme, lac. ctL). The more important data obtain^ are sum- 
marised in Table 91 (minor unsaturated component acids were not deter- 
mined in any of these anal37ses). 

Somewhat less complete data for six English cow milk fats, two of which 
were from normally stall-fed animals, whilst the others were for cows which 
had received in addition eight ounc^ per day of either linseed, rape, or 
cod liver oil, have been recorded by Hilditch and Thompson (Table 92). 

The data for all fourteen fats show consisteoLtly that the content of fully 
saturated glycerides is, within close limits, simply a function of the r^ative 
proportions of saturated and un^turated acids in the whole fat, irrespc^rfctve 
of the nature of the saturated acids, or of abnoimaiiti'es in the compc^Mnt 
fatty adds caused by ingestion of specific fatty adds (cf. Chapter III, 
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TABLE 9!. GLYCERIDE STRUCTURE OF EIGHT COW MILK FATS 


No. IN Table 
E 1929 
E 1928 
NZ (i) 
Indian 
NZ (ii> 
NZ iiii) 
ES 
EC 


Cow Milk Fat 
English, spring pasture, 1929. 

„ autumn feed, 1928. 

New Zealand, market sample, 1927. 

Indian, pasture feed, 1930. 

New Zealand, market sample, 1927. 

„ „ spring pasture, 1928. 

English, stall feed, 1929 (soya bean cake in diet). 
,, ,, ,, „ (coconut cake in diet). 


(i) Component Fatty Acids of the Whole Fats (JMolar Percentages') 


Fat 

E 1929 

E 1928 

NZ(i) 

Indian 

NZ (ii) 

NZ(iii) 

ES 

EC 

Butyric acid 

8*9 

8-4 

8-4 

6-9 

9-2 

9-2 

9-6 

9-0 

#f-Hexanoic acid 

2-7 

3-5 

3-9 

4-0 

3-7 

3-4 

3-0 

3-9 

/i-Octanoic ,, 

20 

2-7 

1-3 

2-2 

1-4 

2-2 

2-8 

1-7 

/f-Dccanoic „ 

3 0 

2-9 

2-8 

4-9 

2-7 

4-2 

5-1 

4-3 

Laurie ,, 

4*7 

4-1 

4-6 

6-7 

3-7 

4-7 

7-5 

8-3 

Myiistic ,, 

Palmitic ,, 

10*9 

7-2 

11-0 

10-9 

10-2 

11-5 

10-7 

17-2 

24*3 

27-1 

26-2 

26-8 

25-7 

25-0 

23-7 

24-1 

Stearic 

5*4 

6-4 

7-1 

5-5 

10-2 

9-5 

6-7 

3-9 

Arachidic ,, 

. — 

0-7 

0-8 

— 

0-5 

0-5 

0-9 

— 

Oleic „ 

34-6 

33-9 

30-8 

28-4 

28-9 

26-1 

27-0 

25-7 

Octadecadienoic acid 

3*5 

3-1 

3-1 

3-7 

3-8 

3-7 

3-0 

1-9 

(ii> Fully 

Saturated Glycerides Present in 

the Whole Fats 



lodixKs value 

41 6 

41-3 

39-4 

36-0 

38-0 

34-5 

34-8 

31-6 

Total saturated acid con- 
tent (per cent. moL). 

61-9 

63-0 

66-1 

67-9 

67-3 

70-2 

70-0 

72-4 

Fully saturated glycerides : 

per cent, (wt.) 

24-3 

25-4 

29-2 

31-7 

31-3 

37-4 

35-0 

38-5 

per cent- (moL) 

27-2 

29-1 

31-5 

33-7 

33-8 

39-6 

38-2 

41-3 

Mote, saturated acids per 0-94 
unsatorated acM in 

092 

1-03 

1-07 

1-04 

1-07 

1-07 

1-1 


ncM-fuIly saturated part. 


(iii) Fatty Acids of the Fully Saturated Glycerides {Molar Percentage:^ 


Bntyrib arid 

11-4 

11-7 

10-5 

11-2 

11-0 

11-2 

9-2 

9*2 

m-WiaMMMmk: acid 

5-1 

5-3 

4-9 

5-1 

6-5 

4-6 

6-4 

5‘8 

w-Octonoic ,, 

2-7 

2-2 

5-0 

0-5 

1-8 

3-4 

3-1 

2-8 

»-I>Baaiic»c ,, 

5-3 

4-2 

3-1 

4-4 

3-3 

5-1 

6-3 

6-9 

Lmiiic „ 

6-0 

5-2 

4-7 

6-1 

4-1 

5-3 

6-4 

111 

Mwistic ,, 

15-1 

13-2 

17-0 

15-5 

17-9 

14-9 

19-6 

20-1 

Praritic ,, 

39-5 

43-1 

39-3 

43-0 

39-6 

39-9 

36-1 

35-4 

Stearic „ 

14-9 

15-1 

15-2 

14-2 

15-8 

15-6 

12-6 

8-7 

Aiadwciic ,, 

— 

— 

0-3 




0-3 



TABLE 92- FULLY SATURATED GLYCERIDES {AMOUNTS AND MEAN 
EQUIVALENTS) OF SIX COW MILK FATS 


Wmmmm Fat Fully Saturated Glyoerdde 


L Rbo Gom 

IN. 

SAi». 

Saturated 
Acids 
Per Cent. 

Per Cent. 

Per Cent. 

Sap. Eq 


34-5 

239-7 

(Mcml.) 

71-4 

(Wt.) 

37-1 

(Mol.) 

40*4 

221-0 


34^ 

m 4’2 

69-1 

31-1 

34-2 

224-5 




61*3 

22-2 

24-8 

222-4 

Rape' 

'44-5 

251*2 

59-4 

22-4 

25-3 J 

225-0 

Cod Mwar 

51-7 

264*2 

53-5 

15-3 

17-2 

235-7 

*■» 

54-1 

266*0 

50-6 

12-8 

14-6 

235-1 
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p. lOo). In this respect butter fats resemble the lards and tallows very 
closely and, indeed, wEen the relationship between fully saturated glyceride 
content and total saturated acid content is plotted as a graph, the curve 
obtained {cf. this chapter. Fig. 4, p. 237) is a prolongation of that given by 
the corresponding data for the pig and cattle reserve fats. Notably, in 
spite of the marked differences in the relative amounts of their component 
acids as compared with normal butters, the milk fats from cows which had 
received cod liver oil in the diet still conform to this typical relationship. 
Indeed, their positions on the curve in Fig. 4 emphasise the fact that, from 
this aspect of glyceride structure, there is complete uniformity in type 
between cow milk fats and ox, sheep, or pig depot fats. 

In the fourteen cow milk fats which have been examined, the molar 
proportions of fully saturated components range from 14*6 to 41*3 per cent., 
so that the non-fully saturated glycerides present in these fats vary in amount 
from 59 to 85 per cent. There is little or no evidence that triolein is present 
in any great amount in normal butter fats, and considerable indirect evidence 
against this possibility {cf. Amberger^^), Consequently in most .of the 
butters studied the glycerides are probably made up of fully saturated 
components with mono-^' oleo and di-*‘ oleo ''-glycerides in proportions 
near to those given in Table 93. 


TABLE 93. PROBABLE GENERAL COMPOSITION OF COW MILK FATS 


English, stall-fed, 1934 (cod liver oil in diet) 

** »> >> 9» 

,, „ (linseed oil in diet) 

,, ,, (rape oil in diet) 

spring pasture, 1929 
autumn feed, 1928 
New Z^Iand, market sample, 1927 
Indian, pasture fed, 1930 
New Zealand, market sample, 1927 
Eii^ish, stall-f^, 1934 

,, „ 1929 (soya bean cake in diet) 

New Zealand, spring pasture, 1928 
English, stall-fed, 1934 

„ „ 1929 (coconut cake in diet) 


Mono- I>f-“ cmjeo ” 
“ OUEO Mono- 

Disaturatep saturatep 


Fuuly 

Saturatep 

Per Cent. 
(Mol.) 
14-6 
17*2 
24*8 
25-3 
27*2 
29*1 
31*5 
33*7 
33*8 
34*2 
38*2 
39*6 
40*4 
41*3 


Per Cent. 
(M<ml.) 
23*0 
26-1 
34*3 
27*6 

33- 0 
31-0" 

35- 8 

36- 5 
35-0 
38-9 

34- 0 
33-3 

. 33-4 
33*9 


Per Oent. 
(Mol.) 
62-4 
56*7 
40*9 
47*1 
39*8 
39*9 
32*7 
29*8 
31*2 

26- 9 

27- 8 
27-1 
26*2 
24*8 


These general characteristics of butter fat glyceride structure have a 
practical bearing on the variation in the ** melting point " or softness of 
butters. ItJs evident that increase in oleic acid content of butter, according 
to the above data, will be reflected in a disproportionate increase in softne^, 
since not only is the ratio of unsaturated to saturated acids increased in the 
saturated-unsaturated mixed glycerides, but the quantity of the latter 
increases considerably with augmentation of the oleic add. Leaving out of 
condderation the six fats from animals which had received fatty oils or seed 
cakes as part of their diets, it will be noticed from Table 93 that the remainii^ 
eight milk fats from cows on normal diets differ to a considerable extent in 
■their component glycerides, and therefore in their physical characteristics 
of hardness or softness. This difference is not very marked so far as the 
mono-'* oleo "-disaturated glycerides (which melt somewhat above room 
temperature) are concemed, for these are moderately <x>nstant, with a 
of about 33—39 per cent, of the total fats. The fully saturated components 
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vaiy from 27 to 40 per cent., however, with a corresponding variation in the 
di-'"* olec "'-monosaturated glycerides of almost the same extent. Conse- 
quently, reduction of unsaturation (oleic acid content) of a milk fat has a dual 
effect on the consistency of the butter : not only is the amount of the highest 
melting (i.e. fully saturated) components reduced, but that of the di-'' oleo 
glycerides (which are liquid at the ordinary temperature) is increased to 
approximately the same extent as the reduction, in fully saturated com- 
ponents. 

The cows which were fed on pasture (or on pasture with roots, etc., but 
no added oil cake) yielded butters which, irrespective of the locality of their 
origin, show much similarity in many features of their glyceride structure. 

In the total fatty acids of each whole butter fat (Table 94), the amounts 
of (a) butyric-Iauric, {b) myristic-palmitic, and (c) stearic, oleic, and linoleic 
acids tend severally towards more or less constant values. This approximate 
constancy extends to some of the individual acids, especially palmitic, 
myristic, and perhaps butyric ; but the amount of stearic acid is more 
variable. Yet the total amoimt of Cjs acids is of much the same order 
throughout, variations due to the substantially different amounts of 
UBsaturated acids in the butters being counterbalanced partly by variation 
in the amount of stearic acid, partly by the gross effect of minor variations in 
all the other saturated acids. 

TABUE 94. MOLAR DISTRIBUTION OF BUTYRIC-LA URIC, MYRISTIC- 
PALMITIC, AND C,, ACIDS IN THE BUTTER FATS 




E 1929 E 1928 

NZ(i) Indian 'STXii) NZ(iii) 

ES 

EC 


f Butyric-Lauric 

21*3 

21-6 

21-0 

24-7 

20-7 

23-7 

28-0 

27-2 

w fioie 

Myristic-Palmitic 

35-2 

34*3 

37-2 

37-7 

35-9 

36-5 

34-4 

41*3 

lac 

LCib acids 

43-5 

44-1 

41-8 

37-6 

43-4 

39-8 

37-6 

31-5 


f Botyric-Lauric 

30*5 

28-6 

28-2 

27-3 

26-7 

29-6 

31-4 


Jruiiy 

4 Myristic-Palmitfc 

54*6 

56-3 

56-3 

58-5 

57-5 

54-8 

55-7 

-55-5 

satmraCed 

l_Steanc 

14-9 

15 1 

15-5 

14-2 

15-8 

15-6 

12-9 

8-7 


f Butyric-Lauric 

18*3 

19-0 

17-9 

23-4 

17-4 

19-8 

26-8 

2M 

Miwd 

1 Myristic-palmitic 

28*1 

25-9 

28-5 

27-2 

25-3 

24-2 

21-5 

31-4 

sat«fat«i- : 

4 C,,ackis 

53*6 

55-1 

53-6 

49-4 

57-3 

56-0 

51-7 

47-5 

ux^turaled 

j (O'kic and Octadeca- 

51*4 

51-0 

49-2 

48-3 

49-1 

49-4 

47-2 

47-0) 

! 

dkfioic 










Although, as the total unsaturation in the fats varies, the amount of fully 
^turated glycerides differs widely throughout the series, the composition of 
the latter (Table 91 (iii) ) is remarkably constant ; especially noteworthy is 
the n^ular proportioo of stearic acid (i5±o*S mols. per cent.) in contraist to 
its variability {5-10 mols. per cent.) in the whole fats. Ail the saturated 
acids are pr^ent in both fully and non-fully saturated parts of the fats, but 
there may he a slight tendency for the acids of lower molecular weight to be 
as«xiated more with the unsatuiated acids than with the higher saturated 
acids. 

It was ixinted out mrier (Chapter III, pp, 97, 93) that the amounts 
of the diSoraat ocMUpcMient fatty acids present in milk fats vary somewhat 
according to the gCTieral type ^of ^diet, the seasonal change from pasture to 
indoor fewiii^, the, of the animai, etc. Such variations are, in fact, 
chiefly connected with diffcarenojs in the proportions of the imsaturated 
acids, which are mainly ccanfwiisat-ed by corresponding alterations in Those 
of the stearic, and of the butyric and other lower saturated acids. The 
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amount of fully saturated components is almost the only markedly variable 
feature in the glyceride structure of butter fats, since this depends upon the 
relative amounts of saturated and unsaturated acids in the whole fat. Thus 
when the factor due to variable unsaturation (the varying fully saturated 
glyceride content) has been taken into account, close similarities are revealed 
in the respective fully saturated and non-fuUy saturated components of the 
butters. 

The fat (EC) from cows w^hose diet had included a certain amount of 
coconut oil cake contained, as a whole, less oleic and linoleic acid than 
normal and somewhat more laurid and myristic acids. In its fuUy saturated 
components, how^ever, the relative differences are more sharply defined : 
the lauric acid molar content (Table 91 (iii) ) is ii (instead of about 5-6) 
and the myristic acid molar content is 20 (against 15--17), Since dilauro- 
myristin is a major component of coconut oil {cf. Chapter VI, p. 206), the 
figures suggest that to some extent this glyceride has passed through directly 
into the milk fat. 

Whilst ingestion of the relatively highly saturated coconut fat led to 
variation from the normal in the character of the fully saturated components 
of butter fat EC, the diet including soya bean oil (nearly all of which consists 
of unsaturated glycerides) caused differences from the normal which are for 
the most part confined to the non-fully saturated glycerides in butter fat ES. 
In the latter case, however, the observed differences do not involve any 
increase in the proportion of linoleic acid (the major component of soya bean 
oil) but are confined for the most part to augmentation of the butyric-lauric 
acid group ; thus suggesting that the latter might, in part, be metabolic 
products from the oleic glycerides of soya bean oil which appear in the mixed 
saturated-xmsaturated glycerides of the milk fat. 

In^an camel, buffalo, sheep, and ^at milk fats. The glyceride structure 
of the milk fats of the Indian camel, sheep, and goat have been studied by 
Dhingra,38 and that of the Indian buffalo by Bbattacharya and Hilditch,^^ 
on the same lines as those of the cow milk fats which have been considered 
above. The chief numerical results of the investigations are summarised in 
Table 95. 

The camel and buffalo milk fat glycerides axe, on the whole, very similar 
to those of the domestic cow. Butyric and n-hexanoic (caproic) acids are 
sub-normal in the whole camel milk fat, but this does not seem to be reflected 
in any departure from the normal in the general glyceride structure. The 
fully saturated glyceride content is slightly lower, for the proportion of 
saturated acids in the whole fat, than in the cow milk fats, as will be seen 
from Figs. 3 and 4 (pp- 236, 237) ; but the component acids of the fully 
saturated glycerides are^ on the whole, not very different from those in cow 
milk fats. 

The buffalo milk fat resembles a cow milk fat of the same mean unsatura- 
tion extremely closely, the only noticeable difference being a somewhat 
higher proportion than in the cow milk fats of palmitic and stearic acids in 
the fully saturated glyceride portion. 

Sheep and goat milk fats, on the other hand, seem to stand somewhat 
^ apart from the rest of the milk fats. Their relatively high contents of 
caprylic and capric acids r^:eived previous mention in Chapter III (p. 99). 
ThdLr pro|x>rtions of fully saturated glycerides are definitely lower than in 
the case of cow milk fats of corresponding mean unsatnration (Figs. 3 and 4, 
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TABLE 95. GLYCERIDE STRUCTURE OF INDIAN CAMEL, BUFFALO, 
SHEEP, AND GOAT MILK FATS 


(i) Component Fatty Acids of the whole Fats {Molar Percentages) 



Camel 

Buffalo 

Sheep 

Goat 

Butyric acid 

5-9 

10-9 

8-4 

7-6 

jt-Hexanoic acid 

19 

2-8 

5-4 

4-5 

/J-O:taiioic ,, 

M 

1-5 

5-8 

6-2 

/f-Decanoic ,, 

2*1 

2-4 

10-1 

11-1 

Laurie ,, 

5.7 

3-3 

60 

5-1 

Myristic 

7-9 

10-5 

11-8 

11-2 

Palmitic „ 

28-3 

28-7 

20-4 

21-5 

Stearic ,, 

9-7 

9-3 

5-4 

7-3 

Arachidic ,, 

— 

0-7 

1-3 

0-1 

Oleic 

34-1 

27-7 

22-2 

24-2 

Octadecadienoic acid 

3-3 

2-2 

3-2 

1-2 


(ii) Fully Saturated Glycerides present in the whole Fats 


Iodine value 

40-8 

33-5 

32*1 

28-8 

Total saturated acid con- 
tent (per cent. moL). 

62-6 

70-1 



Fully saturated glycerides: 

per cent- (wt.) 

24-2 

32-3 

33-7 

36-3 

per CCTit. (mol.) 

25-6 

34-3 

36-8 

39-3 

Mols. saturated acid per 

0-98 

1-2 

1-49 

1-40 

mol. unsaturated acid 

in nofi-fully saturated 




• 

I^rt. 

(iii) Compement Fatty Acids of the Fully Saturated Glycerides {Molar 

Percentages 

Butyric acid 

8-9 

14-1 

9-8 

9-4 

i»-Hcxanoic acid 

2-1 

5-0 

8*2 

7-2 

if-Octanoic ,, 

O-I 

0-7 

5-4 

5-8 

/5p-Decanoic „ 

2-8 

1-6 

10-8 

14-2 

La^uric „ 

2-6 

4-4 

14*1 

8-2 

Myristic ,, 

18-9 

9-2 

15*9 

12-7 

Palmitic ,, 

50-0 

47-1 

26-9 

31-6 

Stearic 

146 

16-8 

8-9 

10-7 

Arachidic ,, 

— 

1-1 

— 

0-2 

(:v) Prtfbable Gemeral Composition of the Milk Fats {Molar Proportions) 

Fiily saturated 

25-6 

34 

36-8 

39-3 

’’-disaturated 

36-6 

42 

50-2 

45-5 

Oi-** oleo ’’-fnemosaturated 

37-8 

24 

13-0 

15-2 


pp. 236^ 237), wMlst tLe component acids of the fuHy saturated portions 
as is natural, much more caprylic, capric, and also lauric acid than 
thc^ of the sunilar parts of cow milk fats, the palmitic and stearic acid 
CMitoits heii^ corr^pondingly below those of the latter. In the mixed 
mtiimted-iMisatiirated glycerides, however, the molar contents of myxistic, 
folmitic, aiMi stearic acids are very similar to those of the corresponding 
fwrticHis of butter fats, and the only "difference is that, in the goat and 
sheep milk fats, there is aitout 10 per cent, (mols.) less of Cis unsaturated 
adds and 10 per cent, fmols.) more of the hutyric-lauric acid group (the 
mcrea^ bdng mainly in capric and 'Caprylic acids). The excess of capric 
ajod cafuySc acids, as compared with cow butter fats, therefore appeam to be 
wholly at the expense of oleic and, to a less extent, of p:almitic add. 

Sheep ai^ g€»t malk fats .are also remarkable for their extremely small, 
pro|X)rtioBS of -di-un^turated glycerides (ca. 15 per cent, of the fats) ; this 
however has less on their meltii^ points than might at first be sup- 

I»sed, doubtless "owing to the cmnpec^ating influences of low contents of 
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palmitic and stearic, with high butj’ric-laiiric (especially caprylic and capric) 
acids. 

It is not unnatural, in view of the large number of saturated acyl com- 
ponents present in milk fats, that it has so far not been possible to do more 
than deal with the component glycerides on general, instead of individual, 
lines. It can nevertheless at least be claimed that their investigation by the 
methods discussed has ser\^ed to demonstrate their general composition and 
their close structural relationships to the corresponding depot fats. It can 
only be hoped that further research will in time permit at all events some of 
the more abundant individual components of this important group of natural 
fats to be more accurately defined. 
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CHAPTER VIII 

SOME ASPECTS OF THE BIOCHEMISTRY OF FATS 

The functions of fats in the living organism, and their importance in animal 
nutrition, have resulted in much investigation of problems such as their 
synthesis in the plant or animal, their assimilation and digestion in the 
animal system, the mechanism by which reserve fats may be utilised, and 
so on. The biochemistry of fats, indeed, covers a very wide and assiduously 
cultivated field, the adequate description of which requires a complete volume 
in itself. Such treatment, developed from the biochemical standpoint, has 
been given in several well-known monographs, some of which are referred to 
in the bibliography ^ attached to this chapter. It is thus superfluous (as 
well as impossible for reasons of space) to attempt to include in the present 
book a comprehensive sur\’'ey of the biochemistry of natural fats. More- 
over, as str^sed at the outset (Chapter I, p. i) the objective of this volume 
is to present as complete a statement as possible of the existing knowledge 
of the chemical constitution of natural fatty compounds, especially the 
glycerides. These materials are the end-products of a number of biochemical 
processes which are evidently complicated in character ; and it is in general a 
matter of some difficulty to interpret, from the chemical structure of end- 
products, the sequence of reactions which may have given rise to them. 
Nevertheless it seems certain that consideration of a number of the charac- 
teristic features concerning the component acids or glycerides found in the 
various groups of the v^etable and animal kingdoms can on occasion serve 
as a guide in assessing the soundness of hypotheses based upon more definitely 
biochonical investigations. In certain contingencies the evidence afforded 
by the chemical constitution of a natural fat may furnish decisive informa- 
tion as to whether a suggested mode of biosynthesis is in fact possible ; for 
instance, it might be clear that a suggested mechanism would involve the 
presence in the final product of component acids or glycerides which investi- 
gation has ^own to be absent. 

The discusson of fat biochemistry in this chapter is strictly limited to 
considerations of the nature suggested. Its object is to indicate how far, in 
tte author's opinion, the existing data on the constitution of the lipoids 
{wMch is still almc^ wholly confined, so far as fully detailed knowledge is 
concomed, to tte giycMides) may have a useful bearing upon the study of 
thar igmtlieas, a^hoaikdion, mobilisation, or transformation in the living 
offganiaii. It will therefore he r^txicted to. the following general topics : 

(i) Synthc^ of Mty oampounds (a) in plants, {b) in animals ; 

|ii| Posal^ of the conversion of carbohydrates into fats ; 

(iii) A^mailatwii of poeformed. ffits by animal s ; 

(iv) Bwrlmiikal trairfcHiamtkHis of ffits : 

(«) the mohilisatioii 'of r^erve fat ; 
rancidity and OTnilar phenomena. 



SOME ASPECTS OF THE BIOCHEMISTRY OF FATS 

Biochemists wiU, it is believed, share the view that, in spite of the vast 
amount of careful experimental work which has been carried out, our 
knowledge of the development and utihsation of fats in vivo is still in many 
respects scanty, and often very uncertain. The problems are extremely 
difficult to study experimentally ; artificially designed tests, such as specific 
diets to animals, require the most careful interpretation in order to avoid 
erroneous conclusions ; and the isolation of intermediate metabolic products 
(which is an enormous aid in such studies) has rarely, if ever, been attained 
in connection with the synthesis or degradation of fats in the living organism. 
It is perhaps a consequence of the latter fact that several hypotheses have 
been put forward, attractive in themselves and plausibly accounting for 
some of the known characteristics of fats, but involving reactions or the 
production of intermediate products for which there appears to be, in some 
cases, no valid experimental evidence whatever. Moreover, no theory^ yet 
put forward takes any account of those specific features which have been 
shown by constitutive investigations to be outstanding characteristics of 
particular groups of natural fats. 
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The Biosynthesis of Fats in Plants 

Any satisfactory- explanation of the mechanism of fat-synthesis in the 
living plant must take into consideration the following, amongst other, 

definitely known facts : 

(a) According to family, genus, or even species, the fatty acids combined 
in any one plant fat are specific in qualitative and quantitative composition. 

(b) Speaking generally, there can be no doubt that the most abundant 
and widely distributed acid in all plant fats, seed or otherwise, is 

A®’^o,.oleic acid, CH3.[CH2]7-CH:CH.[CH2]7.C02H ; 
with this are closely associated : 

^9:10. i 2 :i 3 _iinoleic acid, CH3.[CH2]4.CH:CH.CH2.CH:CH.[CH2]7.C02H, 
and the saturated 

palmitic acid, CH3.[CH2]i4-C02H, 

both of which are found in practically all fats in amounts varying from very 
small to comparatively large (e.g. 30 or 40 per cent, or more of the total acids) . 
Any complete theory of plant fat s5mthesis must account for the invariable 
appearance of these, their most characteristic components. 

(c) The fats in all parts of all plants except the seed (endosperm or 
embryo) contain, almost always, only palmitic, oleic, and linoleic (linolenic) 
acids as major components ; many seed fats also contain only the same three 
or four major component acids, but many others (according to their families) 
contain specific major component acids (e.g. lauric, stearic, erucic, etc.) in 
large amounts. 

(d) Except in the Palmae, and jjerhaps one or two other families, it is 
rare, in seed fats, to find more than two saturated and two unsaturated 
acids as major components (cf. Tables 49-59 in Chapter IV). Whilst 
there are comparatively few families whose seed fats contain unsaturated 
acids other than those of the Cjs series, the saturated acids which may be 
present in quantity range from lauric (C12) to lignoceric (C24), but, as stated* 
usually only one or two are present in any one instance. The range of 
molecular magnitude of the seed fat saturated acids is thus very wide, and 
demands conaderable specificity in the S3mthetic mechanism whereby the 
seed fats are built up in different families. 

(e) Fmally, the mode of union of fatty acids into mixed glycerides must 
be considered, and it most be remembered that in seed fats and, probably to 
a large extent, in fruit-flesh fats the prevailing tendency is markedly in the 
direction of producir^ a mixture of triglycerides in which the fatty acids are 
distributed as evenly as possible amongst the glycerol molecules. 

In the growing parts of plants, especially the leaves, it appears (cf. 
Chapter IV. p. 108) that glycerides and plant phosphatides are present 
in the cytoplasm in about equal, but small, proportions. The origin and 
functions of the leaf, etc., glycxrides are at present uncertain (although if, as 
discussed below, fruit fats are derived from carbohydrates, it is likely that 
the same procress may take place in the growing plant). It has, however, 
been believed for many years that the reserve fat stored in seeds or in the 
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flesh of fmits is developed in situ and not translocated from the leaf or stem. 
T,his idea was based mainly on the fat present in olive trees : Rousille * 
was unable to detect any change in the fat content of the olive leaf during 
the ripening of the fruit, and Funaro 3 stated that the ether-soluble fat * 
from the leaves differed materially from the fruit-flesh olive oil. Even 
earlier, de Luca ^ had shown that olives could make fat after they were 
separated from the tree, and Pfeffer ^ had found that paeony seeds, when 
detached from the plant at an immature stage when they contained no fat, 
developed a certain amount of fat on being kept. 

A very recent contribution to this subject by Burr and Miller,® which 
includes a full review of the earlier literature, describes a study of the 
respiratory quotients f of the castor bean during seed development and 
ripening, the results of which show that much fat is synthesised within the 
castor bean fruit ; although a slow translocation of some fat from the leaf 
or other tissues is not excluded by the experiments of these workers, they 
clearly show' that most of the seed fat is synthesised within the fruit itself. 

It wdll be recalled that detailed figures for component acids, obtained by 
the modern methods, have demonstrated some similarity between leaf and 
fruit-coat fats, but have also established in very many inslances the presence 
in seed fats of fatty acids which are absent from either the fruit-coat or leaf 
fats of the plants concerned. 

The important question of the rapid and prominent development of fat 
in the ripening fruit has been the subject of many investigations, as a result 
of which it is usually accepted at present that there is adequate ground for 
believing that the fat is formed at the expense of carbohydrate. No satis- 
factory explanation of the mechanism of the conversion of carbohydrates 
into fats has yet been obtained, although various hypotheses of a more or 
less vague and unsatisfactory nature have been proposed {cf. pp. 281-289). 

* Many of the older observations, and unfortunately not a few of the more 
recent ones, appear to be based merely upon the saponification and iodine valu^, 
or even upon the weight alone, of the material extracted by ether from leaves, 
immature fruit, etc. In all cases but those of fully ripe seeds (and sometimes 
even there), ether also removes, of course, non-fatty matter, often in considerable 
amount ; the value of the data, in the absence of further purificatian of the 
ether-soluble matter or at least of removal of non-fatty matter from the fatty 
acids obtained after hydrolysis, is therefore doubtful in fnany cases. To give 
trustworthy results, phosphatides should first be separated from the crude 
glycerides, and the fatty acids from the latter should be further purified from 
unsaponifiable matter ” before their amount and analytical values are recorded. 

t The “ respiratory quotient,^’’ or volume ratio of the carbon dioxide pro- 
duced to the oxygen consumed, is to some extent a guide to the nature of the 
metabolic action. If carbohydrates are being completely oxidised, e.g. 

-f 60 a = 6CO* -h 6H2O, 

the respiratory quotient is i : i, whereas obviously for the complete oxidation 
of the long acyl chains of fats a greater proportion of oxygen would be required, 
so that the ratio of carbon dioxide formed to oxygen used wouM be less than 
unity. (For fats, it is about 0-7 : i.) 

On the other hand, if a more highly oxygenated snl^tance is l:«mg con- 
verted into material of lower oxygen content, any oxygen intake will be less 
than the cartXMi! dioxide output, and a respiratory quotient of naore than i : i 
is observed. Leatfaes aTid Itaper ^ state that ** when satisfactory proof exists 
that carbohydrates are converted into fat ... it is reasonable to a^nme that, 
when the R.Q!- is higher thi^n x-o, then this reaction is the main one causing the 
high quotient- The reverse propcKsition, fhat when the quotient is lower than 
0*7, fat is being converted into carlxahydrate, cannot be so ^sily accepted. 
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We may refer, in the first place, to the morphological studies of Uhlmann 7 
on the development of fat in fruits of various species. He found that in the 
earliest stages only starch and no fat was present ; later the plasma com- 
menced to contain fat in an extremely dispersed condition, no oil droplets 
being visible in the emulsion under the highest available magnification. 
As ripening proceeded, the starch granules became smaller and appeared to 
dissolve in the oil-plasma ; some evidence of formation of sugar was also 
obseiv^ed in most cases. Finally, as maturity approached, the oil com- 
menced to separate from the plasma as a discontinuous phase in minute 
droplets, which ultimately became of considerable size and occupied the 
greater part of the cell under observation. This final, relatively rapid 
development of fatty oil occurred in the later phases of ripening. 

On the chemical side, du Sablon ^ studied the relative proportions of 
starch, cane-sugar, glucose, and fat present in almonds and walnuts at 
various stages of ripening and found that general decrease in carbohydrate 
content accompanied the increase in fatty content. It may be pointed out 
that diminution in percentage content is not sufficient to prove the point, 
since the very great increase in the total weight of the seed during ripening 
might counterbalance a fall in percentage ; the total amount of carbohydrate 
present at maturity might remain constant or even increase in spite of a drop 
in its percentage proportion. This does not appear likely to have occurred 
in du Sablon *s results, however, since the glucose, at least, (®sappeared 
completely in both cases. Valee ® confirmed du Sablon's results on almonds 
in 1903, and Ivanow in 1912 obtained similar data for a number of other 
seeds, and there is thus good reason to associate the production of fats with 
transformation of carbohydrates. Some of du Sablon^s figures are appended 
below : 

PERCENTAGE CONTENTS OF CARBOHYDRATES AND FAT IN 
ALMONDS DURING RIPENING {DU SABLON) 

June 9 July 4 August 1 September 1 October 4 
Glucose per cent. 6-0 4-2 0 0 0 

Sucrose per cent. 6-7 4-9 2*8 2*6 2-5 

Starch per cent. 21-6 14-1 6-2 5-4 5-3 

Fatpcrtxmt. 2-0 10-0 37-0 44-0 46-0 


PERCENTAGE CONTENTS OF CARBOHYDRATES AND FAT IN WALNUTS 
DURING RIPENING {DU SABLON) 

July 6 August 1 August 15 September 1 October 4 
CJliMme per cent- 7-6 2-4 0 O O 

Si«rase per c*at. 0 0*5 0-6 0-8 1-6 

Fatperoaat. 3-0 16-0 49-0 52-0 62-0 

A number of investigators have at different times studied the respiratory 
quotient, CO^/C^, of ripening oily fruits. Using excised seeds of poppy and 
of the castor bean, Godlewski in 1882 found values for this quotient of 
i-iS to 1*52 during ripening. The work of Gerber 12 (1897) on the ripening 
of olive fruits also affords some confirmation of the view that carbohydrates 
are the precursoi^ of fats, for, in the stage of ripening when oil is being rapidly 
formed, the re^iratory quotient rose to 1*51. This feature (which also 
holds for a short period in the case of fruits separated from the tree) is con- 
sistent with the transformation of carbohydrates into materials poorer in 
oxygen content. According to Gerber, the respiratory quotient is greater 
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than unity only during the phase in which oil is being generated in quantity ; 
prior to this (in the soft green fraits), and also after maturity, the oxygen 
intake is greater than the output of carbon dioxide. 

Gerber also observed that not only carbohydrate, but also protein, falls 
in concentration as oil is produced, as will be seen irom the following figures : 

OuvE August 30 September 30 

Protein per cent- 14 6 4*2 

Fat per cent. 29*2 62-3 

Seeds usually contain protein as well as fat, and it seems perhaps, at 
first sight, equally reasonable to postulate proteins or carbohydrates as 
possible progenitors of fats ; but the process of direct fatty acid synthesis 
from many proteins, the amino-acids in which contain branched carbon 
chains, w^ould involve a fundamental alteration in ? 5 ie nature of the carbon 
skeleton. On the other hand, it is recognised that proteins can, in certain 
conditions, be converted into carbohydrates ; so that the conversion of 
proteins into fats may possibly take place via the intermediate stage of 
carbohydrate. If so, it becomes rather an academic question as to whether 
protein or carbohydrate is the fat-precursor. 

Somewhat more definite knowledge is beginning to be gathered as to the 
later stages of fat-synthesis in the case of certain oil-bearing seeds. The 
earliest results in this part of the field were due to Ivanow,io who in 1912 
stated that rape, hemp, poppy, and fiax seeds, in the early stages of develop- 
ment, contain oils in which considerable amounts of free fatty acids are 
present. In other words, formation of the free acids appears to precede the 
synthesis of the final mixed triglycerides, since at maturity the oils contain 
but little free fatty acid. Ivanow also obser\"ed that, in linseed oil (but not 
in the other three oils), the characteristic high iodine value is only attained in 
the final stages of ripening ; thus a crop, the ripe seeds of which contained oil 
of iodine value 175, yielded, seven weeks before complete maturity, immature 
seeds with an oil of iodine value 120. 

These phenomena have been further studied by Ivanow and Ms colleagues 
and also by other workers. In the case of linseed oil, a very complete 
examination, carried out by Eyre and Fisher in 1915, was reported more 
fully by E5n:e in 1931 ; a further investigation by Barker confirmed the 
main features of Eyre's work. Eyre studied the rate of fomiation and the 
changes in the character of the oil in seeds of Linum usitatissimmm and 
L. caribrosum, and showed that the acidic constituents of the fat axe formed * 
first. Whether glycerol is formed at the same time, or whether the formation 
of glycerol is delayed, is not dear. A remarkably rapid oil formation over a 
period of some 15 days was observed, and within this period an oil content of 
about 36 per cent., calculated on the dry weight of the seeds, was reached. 

Changes in the nature of the oil continue after oil formation has ceased ; 
its unsaturated, character, as measured by its iodine absorption, continues 
to increase. TMs is apparently an entirely separate change, independent of 
the actual oil formation. Eyre points out that, whereas during the early 
stages a reducing system must prevail in order to account for the fomfa- 
tion of adds from carbohydrates, tMs must change to an oxidisiiig system 
leading to the formation of imsaturated adds. The development of fatty 
oil, and its changing unsaturation, is shown by the foEowing figure : 
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Days after 
Flowering 
10 
14 
17 
23 
28 
35 
51 


Per Cent. Oil 
(Dry Seeds) 
2*5 
151 
3 M 
370 
36-9 
36*8 
36-3 


Iodine Value 

114 

119 

127 

143 

170 

180 

190 


Barker states that “ it will be seen that the synthesis of the oil begins 
almost immediately after flowering and proceeds comparatively slowly during 
the first eleven days. At the end of that time a rapid accumulation of oil 
sets in, amounting to about 3 per cent, per day for some ten days, when, 
about 21 days from flowering time, the maximum oil content is reached.” 
Beyond this point no appreciable increase in oil content occurred, but the 
iodine value of the oil increased, in the following 15-20 days, from about 
130 to its normal value of 180-185. 

The acidity of the oils in their earlier stages varied very much with the 
particular variety studied, as will be seen from the following data : 


Per Cent. Fatty Acid (as Oleic Acid) in Oils from 


Days aftfr 

L . usitatissimum 

L . caribrosum 

Flowering 

14 

4-3 

42-0 

17 

— 

11-8 

20 

2-1 

7-2 

23 

1-1 

3-6 

28 

— 

1-7 

32 

0-3 

— 

44 

— 

0-6 

46 

0-3 

— 

66 

0-3 

0-4 

76 

0-2 

— 

84 

— 

0-1 


Ivanow and Klokow subsequently stated that, in Moscow linseed, 
the linolenic acid content increases with maturity of the seed, whilst the 
oleic, and especially the linoleic, acid content diminishes. They suggest 
that fat-»S5mthesis in the seed proceeds according to the scheme : 
p) Glucose->-glycerol ; 

(ii) Glucci^~>saturated fatty acids->-unsaturated fatty acids ; 

fm) Fatty acids -|-glycerol->f at. 

Tliey identified acetaldehyde, propionic, hexanoic, octanoic, and decanoic 
acids in unripe linseed, sunflower seed, and mustard seed, and suggested 
that the lower acids are first formed in all seeds, but that, in cold climates, 
they are transformed into higher fatty acids as ripening proceeds. 

The dervelopment of the cottonseed has been investigated on somewhat 
similar lines by American and Russian workers. The oil content of 
cotton^ed increases r^julaxly and very rapidly up to about 50 days, especially 
between the and 30th days ; up to 30 days, the increase in oil content 
is accompanied by that of goss3?pol, whilst sugar gradually decreases 
Insoluble fibre iacreases raffidly, and water-soluble’ constituents decrease 
rapidly, up to the age of 35—40 days, after which both remain almost constant. 
The sa|K>iiificatioii values and the acid values of the oil decrease as the age of 
the seed increa^s, and the iodine value of the fatty acids increases up to 
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50 days, when it becomes constant. It appears that events in the ripening 
cottonseed follow a xery similar course to those in the flax. 

A similar study of fat formation in the ripening seed of a tropical plant was 
made by Sahasrabuddhe in the case of Niger seed {Guizoim abyssinicu). 
The oil content of the seed is at a maximum 45 days after the flow’-er opens, 
proteins appear in the seed 15 days after flowering and oil a few days later, 
w-hilst the amount of reducing sugars is greatest on about the 27th day and 
diminishes to zero by the time the oil formation is complete. The author 
states that the synthesis of lower fatty acids precedes that of the higher 
members and that hexoses and pentoses are more likely to be the source of 
the fat than polysaccharides. The observed phenomena agree exactly 
with those ob^rved by Ivanow, Eyre, and others in the case of temperate 
plants, and the iodine value increases from 90 to 126 during the later stages 
of ripening of the seed. 

Rewald and Riede 20 made a somewhat wider study in the case of the 
soya bean plant, in that they have compared the proportions of protein, fat, 
and phosphatide in the growing part of the plant with that in the beans 
during the ripening period. At this time the amount of all three of these 
groups in the parts of the plant {including the seed pods or fruit coats) 
other than the beans decreases rapidly, but in the bean their proportions 
remain unchanged. The mean unsaturation of the bean oil exceeds that of 
the fat present in the pods, and the unsaturation of the bean oil increases 
during the final stages of ripening. 

On the other hand, Bauer 21 examined oil from ripening sunflower seeds 
(grown from the seed of one flower head) ; in this case the iodine value 
remained practically constant throughout (143— 144), but variations in the 
thiocyanogen values indicated that the oleic acid content rose steadily 
during ripening, whilst those* of the iinoleic and saturated acids corres- 
pondingly decreased. 

If, therefore, we may accept these studies as typical of the biosynthesis 
of the less saturated or drying oils, it is clear that the free fatty acids 
which are produced in the first instance are usually of an average order of 
unsaturation not far removed from that of oleic acid ; lipoclastic esterifica- 
tion with glycerol apparently follows, together with a ** dehydrogenation " 
or oxidation process which seems to effect further desaturation of some of 
the oleic acid or oleo-glycerides. Such dehydrogenation must follow an 
extremely selective course, for it must be remembered that in hnseed oil 
only the ^^'^^-li^oleic and the ^^-^^-linolenic acids are 

present, and in cottonseed and other oils only /;^®=i^*^^*®-linoieic acids ; 
moreover, the quantitative proportions of each of the component acids in 
the oil of the fully ripe 'seeds are invariably constant to within very narrow 
limits. 

It will be seen that, up to the present, these studies of the development of 
fat in ripening seeds have all been concerned with the frequently occurring 
category of seed fats in which the ma|or component acids are confined to 
oleic, Iinoleic, and palmitic, with occasionally Mnolenic or stearic in addition. 
It would be extraordinarily interesting to make similar investigations in 
ripening fruits which give lise to laige proportions of one or other of the more 
specific " seed fatty acids — for example, rape or mustard seed (eracic as 
well as oleic and Iinoleic), se^is of the Palmas {45—50 per cent, lauiic acid) 
or Umbelliferee as well as /^^^^-octadecenoic acid). ca<^o butter, or 
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other seeds whose fats are rich in stearic as well as oleic and palmitic acids, 
and many similar instances. 

The cEeiay in the synthesis of the triglycerides finally produced has not 
yet been completely explained, but is not difiicnlt to understand. Possibly, 
as has been supposed, insufficient glycerol or lipase is present in the earlier 
stages, but it is more likely, as suggested by Terroine,22 that the concentra- 

A-l T,, -re- 4 -r\r\ CTT-Ail-t t< 

'mpAexc aj , . 

into glycerides, if the process follows the general course indicated by 
studies which have been mentioned, are (i) the completeness with wl 
triglycerides are produced, with but little remaining free fatty acid and 
apparently no di- or mono-glycerides containing unesterified glycerol 
hydroxyl groups ; and (ii) the regularity of general structure even distri- 
bution " of fatty acids amongst the glycerol molecules) together with, 
according to the most recent indications, the production of triglycerides of 
selected configuration (e.g. jS-oleodistearin, cj. Chapter VI, p. 216). 
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The Biosynthesis of Fats in Animals 

The view originally held about a century ago that the reserve fat deposited 
in animal adipose tissue was derived entirely from fat taken as such in their 
diet was supplanted about 1850 by Liebig’s opinion that animals must 
synthesise fats to a large extent. Liebig was led to this conclusion by con- 
sideration of the large amount of milk fat produced by lactating cows in 
relation to the fat in their diet, and of the fact, already beginning to be 
appreciated, that different kinds of animals feeding, for examj^le, on similar 
pastures, laid down different types of reserve fat. Liebig considered that 
carbohydrates were the most probable source of animal fat, although Voit 
and Pettenkofer were later led to believe that proteins were the sole source 
of animal fat (a conclusion subsequently shown by Pfliiger to be due to an 
error in computation). Clear proof that protein is a source of animal fat 
has, indeed, not yet been put forward ; but, in view of the fact that protein 
can, under certain conditions, tmdergo conversion into carbohydrate the 
question is in any case rather academic in character. 

The proof that carbohydrates must be an important source of animal fat 
was first rigidly given by Lawes and Gilbert 23 in 1860-1866 in connection 
with the well-known Rothamsted experiments on the feeding of oxen, sheep, 
and pigs. The results were not always definite in the case of oxen and sheep, 
but were quite clear with pigs, as the following figures will demonstrate : 


XwJD. 

Protein in food 64*0 

„ in animal 6-5 

,, difference, possibly utilised for fat production 57*5 

Fat in food 12-4 

,, in animal 71*2 

,, produced from other sources than fat in food 58-8 

Carbon in fat produced (58-8 lb.) 45*3 

„ in available protein (57-5 lb.), less carbon excreted as 27-4 

urea. 

„ in fat which must have resulted from carbohydrate 17-9 


Thus the minimum amount of fat which must have been derived from carbo” 
hydrate was about 26 lb., and this,, of course, assumes that all unaccounted- 
for protein had also been transformed into fat — ^which is clearly improbable. 

Similar quantitative evidence for the conversion of carbohydrate into 
animal fat was provided later by Rubner 24 for dogs and by Rosenfeld 25 
for geese, whilst Morgulis and Pratt 26 showed that the formation of fat in the 
dog is accompanied by the high respiratory quotient necessary for this change. 

A full examination was made by Hilditch, Lea, and Pedelty 27 of the 
component acids in the depK>sited fats of pigs reared on known diets (low in 
fat) imder the direction of Pr. J, Hammond at the Animal Nutrition Station 
of the School of Agriculture, Cambridge ; this investigation demonstrated 
on the one hand the extent to which fat had been synthesised in the animals, 
and on the other hand showed which of the fatty acids were produced by 
synthesis as distinct from assimilation — substantially only palmitic, oleic, 
and stearic. The component acids of the pig depot fats, and the diets given 
to the animals, in this experiment have been given in Chapter III (pp. 80-82 
and Table 34). From the data available at the Animal Nutrition Station on 
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(a) the constituents of the diets and their fat contents, (b) the acids present 
in the small proportions of different fats in the diets,* and (c) the total 
weights and characteristics of fat present in the various depots (subcutaneous, 
perinephric and kidney, intermuscular, mesenteric, caul), together with the 
component acid data for selected fats from each animal, it was possible to 
construct a rough balance sheet shovtdng (i) the total amount of each fatty 
acid ingested as fat by the animal, and (ii) the total amount of each fatty 
acid present as fat in the animals at slaughter. These figures are sum- 
marised in Table 96 {opposite page). 

Irresj^ctive of the particular diet concerned, these figures (with the 
exception of the pig fed to 16 weeks age on a restricted diet, in which very 
little fat was laid down) demonstrate that the amounts of saturated acids 
below m3Tristic, linoleic, and unsaturated C20-22 acids in the deposited fats 
were less than those ingested as dietary fats, whereas the amounts of palmitic, 
stearic, and oleic acids in the body fats were greatly in excess of those ingested 
in the food fats ; hexadecenoic acid, although small in quantity in any case, 
was present in greater quantity in the fats of the animals than in the fats 
they had ingested, whilst the amount of m5mistic acid in the depot fats was 
almost equal to that taken in the food fats. 

Clearly, therefore, biosynthesis of fats containing palmitic, oleic, and 
stearic acid had occurred to a marked extent, whilst it seems certain that 
hexadecenoic acid and, very possibly, a little myristic acid was also synthe- 
sised as fat. On the other hand, it is equally clear that fats containing 
saturated acids of lower molecular weight than myristic acid were neither 
synthesised nor assimilated by the animal. (This accords with the previous 
observations ^ of workers on the body fats of rats and other animus.) 

The amount of linoleic acid in the body fats was not more than, and 
usually definitely less than, half of that available in the form of ingested 
fat ; this strongly suggests, although it does not form a conclusive proof, 
that, like the rat,^® the pig is unable to S3mthesise linoleic acid and derives 
glycerides of this acid only by assimilation. The quantity of unsaturated 
adds pr^ent as glycerides in the depots likewise falls short of that 
present in the diet {in this instance in the fish meal constituents) ; but the 
disjmrity is l^s pronounced than in the case of linoleic acid, and the pos- 
dbility of some slight d^ree of synthesis of the acids of this group in the pig 
cannot be excluded. For the most part, however, they seem to be derived 
fircwn the meal pr^ent in the feed of the animals. 

Whilst it cannot, of course, be taken for granted that the increases in 
palmitic, stearic, and oleic adds represent the whole of the acids which have 
been S 3 mth€»s^, it is interesting to note that the weight ratios of the 
inoneas^ of palmitic to those of the two Cis acids (stearic and oleic) taken 
togelhor in the five animals conddered in the preceding table are i : 2*06, 

1 : 1*86, X : 2‘5o, i : 2*17, and r ; 1-90. The average ratio is i part of palmitic 
to 2-oS parts of C^s adds by weight, or x : 1-89 (molar). This is a somewhat 
strikir^ confirmatkm, from a fresh angle, of the view put forward by the 
writer andl Ms €x>-workeis that palmitodioleins or their hydrogenated deriva- 
tives are the giyc^des chiefly product by synthesis in the pig and other 
animais for storage in the body tissues. 

♦ Previously publMied couaponeut add analyses of the fats in question by 
the modem methfods were utilis^ here. 
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CE^MICAL CONSTITUTION OF NATURAL FATS 

We may now pass on to the more general question of the different mix 
tures of fatty acids found in the fats of the various members of the animal 
kingdom. A complete revie'w of this subject involves, of course, the greater 
part of the matter in Chapters II, III, and VII of this book, and it must be 
taken for granted that the reader has already made himself familiar with these 
details. Further, it is naturally most convenient to discuss many features of 
biochemical interest when specific groups of fats have been considered from 
the point of view of their component acids or glycerides. This has in fact 
been done at many points in the chapters mentioned, and there is no need to 
indulge in extensive repetition in the present discussion. All that will be 
attempted here is to recapitulate some of the outstanding features of com- 
ponent acid and glyceride composition of fats in the animal kingdom, with 
the object of stressing some of the ascertained facts which must be satis- 
factorily accounted for in any complete explanation of the processes whereby 
fats are synthesised in animals. 

Marine animals. The characteristic and complex mixture of acids 
present in the glycerides of marine animals has been made abundantly 
clear by the data collected in Chapter II. The most significant feature, of 
course, is the high proportion of highly unsaturated C20 and C22 acids and 
of hexadecenoic add — ^acids which are only present in very small proportions 
in the depot fats of land animals. Whilst the natural hexa- and tetra- 
decenoic acids have a close structural resemblance to oleic acid in that all 
three contain the grouping =CH.[CH2]7.COO — , it must be borne in mind that 
all the existing evidence goes to show that the polyethenoid C20, C22 (and 
also Cjg) acids in these fats contain a quite different type of unsaturation. 
They are characterised by the presence of a number of groupings of the 
t3?pe =CH.[CH2]2*CH=, as well as =CH.CH2.CH=, which appear to 
extend throughout the molecule, so that the chain of seven or more saturated 
— CHg— groups adjacent to the carboxyl group is not present ; unsaturation 
probably commences at the 4th or 5th carbon atom of the chain (counting 
the carboxyl carbon atom as 1), The difference in structure connotes 
difference in biosynthetic processes, or difference in the material which is 
metabolised into fat. It is of course frequently supposed that the larger 
fish or marine mammalia derive their fat entirely by assimilation — ^ultimately 
from diatoms or other plankton. No attempt seems yet to have been made 
to ascertain whether it is possible to frame an estimate as to whether, over 
a given period, there is sufficient fat produced as plankton fat to account 
for aE the fat in all the larger marine animals. Assuming that this possibility 
were satisfactorily demonstrated, the interesting problems would remain 
as to why and how plankton metabolism leads to fat of this particular type, 
differing as it does from all fats found in the more developed flora and fauna. 

liand ariiinais. The depot and liver lipoids of the larger land animals 
have been dealt with in detail, from the standpoint of their component acids 
in Chapter III (pp. from that of their compoftent glycerides in 

Chapter VII (pp. 233-239, 245-254). So far as the depot glycerides of the 
larger animals are concerned, the salient features are perhaps the relative 
constancy of the palmitic acid content at 30 (±3) per cent., and of the Cis 
acids at 60—65 cent- ; the approximate balance between stearic and oleic 
add contents, the sum of which only varies relatively ^ghtly J the appoar- 
ance of fully saturated glycerides (palrnitosteaxins) in unusual proportions 
when, but not until, the stearic add content of the fat rises above about 
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8-10 per cent. The observed glyceride components of stearic-rich depot 
fats can be accounted for by the hypothesis that preformed oieo-glycerides 
(mainly palmitodiolein) are converted to some extent by a hydrogenation 
process into the corresponding stearo-glycerides (e.g. oleopalmitostearin and 
palmitodistearin) . 

Liver fats. In contrast to most of the adipose tissues, the liver contains 
important quantities of phosphatides as well as glycerides, and the com- 
ponent acids of each of these groups differ from each other and also from the 
depot glycerides. The liver is usually regarded as the chief site of the 
s3mthesis, and also of the degradation, of fats in the animal organism. 
Definite e\ddence that the liver is concerned in fat metabolism was provided 
by the experiments of Hildesheim and Leathes on the pig, dog, and rabbit. 
As in the case of vegetables, there is little or no clear evidence at present of 
the stages involved in the transformation of carbohydrate into fat. 

The possible functions of animal phosphatides — those present in, for 
example, the muscles, heart, spleeii, kidneys, and other organs, as well as 
those in the blood, the intestinal mucosa, and the liver — have been the 
object of much investigation and speculation. Those of the liver and 
intestines have been considered by many workers to represent, inter alia, 
an intermediate stage in the formation of triglycerides, but opinion on the 
point is not unanimous. Sinclair, for example, from observations of the 
influence of ingested fats of varying unsaturation on the phosphatides of the 
intestinal mucosa of the rat, found that these undergo a rapid turnover 
during fat absorption, but concluded that they did not function as inter- 
mediaries in glyceride metabolism. There are,- however, other possible 
functions for the phosphatides : they may serve, by virtue of thMr physicaLl 
property of miscibility with both aqueous and oil phases, as assistants in 
the permeation or transport of other compounds into or from the cells, or 
they may serve as ah oxidation-reduction system, dr they may be essential 
elements in the ^ructure of certain cells. If the phosphatides of an orgaii 
are directly concerned as intenhediaries iii the ihetabdlimQ of fatty acids iii 
the organ, the corhponent acids in the phosphatides would be expected to be 
those present in the fat ingested or syhtheri^d By the animal. 

In addition to the above-mentioned by Sinclair si of ingested fats 
of varying uhsaturation, other means of “labelling'* compdhent acids in 
the dietary fats have been employed. “ Iodised fats *' (Artom et al .^^) , 
elaidic glycerides (Sinclair s®), deuteiium-contEimmg fats (Cavanagh and 
Raper 34)^ and the feeding of a mixture of olive oil and a solution of sodium 
phosphate containing the radio-active isotope of phosphorus (Arfom et 
have all been employed, and the results uniformly show rapid appearance 
of the “labelled** acids in the phosphatides of the liver, intestine, and 
frequently the blood plasma, but very slow appearance (or in some cases 
cdihpletely n^ative results) in phosphatide of the red cells of the blood, 
the mueies, he^art. Brain, aiid some other dtg^s. Sinclatir,^® in a concise 
statement on eurreht vieWs as to the furtctioBS of animal phosphatides, 
points blit that the rapid turiiover of fdtty acids iii the liver and intestinal 
phosphatide ihay mean that they teptesenf an intermediary stage in 
glyceride re-sytitheis or, equally w^, that d#riiig fat absorption contihubus 
synthesis bf phosphatMe goes on and fhM the products pass on ini© the 
blood. He adds that “ in the ease df the blbod piema, there appbats to 
M ho reason to doubt that part, at leabt, bf the phospholipid contests bf 
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material which has been sjoithesised out of recently absorbed fatty acids 
and is being carried to the actively metabolising tissues when it is burned/' 
The entire molecule of a liver or intestinal phosphatide is either being 
broken down and re-formed continuously, or is disappearing and is being 
replaced by synthesis. 

Of the other functions suggested, there is some recent evidence 37 that 
muscle phosphatides may take part in oxidation-reduction processes as 
oxygen carriers, whilst there are many points which suggest that, in given 
cases, phosphatides form an essential part of the structure of specific cells 
(possibly in the cell membrane where they may assist in controlling the 
permeability of the latter to various compounds). The differences in the 
phosphatide contents of the muscles of wild and captive animals (Bloor 
ei suggest that muscle phosphatide has a structural function, since it is 

more abundant in the (^^tld) animal of more active habit. 

In the above paragraphs we have wandered rather more deeply than usual 
into some of the more strictly biochemical aspects of the phosphatides, and 
have departed somewhat from what were previously stated to be the limita- 
tions of this chapter. This has been intentional, and for two reasons. 
Firstly, to remind the reader once more of the present comparatively 
restricted nature of the more precise constitutional knowledge of the fats — 
extending only to the glycerides, a few of the waxes, and a very few phos- 
phatides ; and secondly, to put in better perspective the fact that any single 
animal may well contain a large number of phosphatides differing in function 
and, very probably, in chemical constitution — the latter being still uncharted 
in detail except for a few liver phosphatides and those in other organs of one 
or two animals. We must now return to the more restricted problems which 
are the objective of this book. 

The iodine values of liver fats are often (but not always) higher than 
those of the corresponding reserve fats, and it was long supposed that fatty 
acids n^y be desaturated in the liver. Uesaturation must clearly operate 
during the breakdown of fats or during their reconversion into carbohydrate, 
if this takes place ; but it now seems unlikely that this process has any 
general application in the biosynthesis of unsaturated acids. Uesaturation 
as the normal mode of synthesis of oleic and linoleic acids in the liver was 
conridered by Leathes 3® to be supported by the circumstance that an 
isomeric form of oleic acid, the A^^'^^-octadecenoic acid, was reported by 
Hartley to be present in the liver fat of the pig. This observation has 
been proved by several workers to have been mistaken, but its 
supposed importance as a support for the view that unsaturated acids are 
produced from saturated acids in the liver (presumably as indicating the 
probaMe origin of linoleic acid) does not in any case seem very clear. How- 
ever this may be, the essential argument against desaturation as an inter- 
mediary stage in fat synthesis in the animal now rests on the specifically 
different nature of the adds concerned, and was pointed out at once by 
Klenk mid Schc^neteck ^ as the result of their determinations of the com- 
ponent acids in ox liver phc^phatides, glycerides, and depot glycerides : 
the highly unsaturated adds of ox liver fat consist of members of the C^o 
and Cag series, wMdh dtetrly cannot result from desaturation of the reserve 
fat adds, which belong alined entirely to either the Cig or Cig series. 

The general distributioii of the component adds in the depot glycerides 
and the liver glyxsearides and pho^hatides bus now been shown in the cases of 
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the ox, sheep, and pig to be characteristically different, and the table given 
in Chapter III (p. 92) dealing with this feature may be repeated here : 


Acid Depot 

Olycerides 

Palmitic High 

Stearic (variable) High 

Hexadecenoic Very low 

Ci8 unsaturated (mainly oleic) High 

C<»0 and C^2 (highly) unsaturated Very low 


Liver 

Glycerides 

High 

Low 

Higher 

High 

Medium 


Liver 

Phosphatides 

Lower 

High 

Medium 

Lower 

High 


Notwithstanding the larger amount of C30-22 unsaturated acids in the 
liver phosphatides, stearic acid is actually more abundant in the liver phos- 
phatides than in the glycerides, whilst there is more hexadecenoic acid in the 
liver glycerides than in the liver phosphatides. Such figures suggest, 
prima facie, no simple interconnection between the three classes of fats, but 
rather that each is constructed so as to contain a quite specific and different 
mixture of component acids. This does not help towards a clearer under- 
standing of the inter-relationships of the three groups, it is true, but it 
should deter us from too ready acceptance of explanations wEich, though 
relatively simple, cannot in this case cover the facts disclosed by the chemical 
constitution of the fats in question . 

Reserve fats. Although physiologists may not have reached a com- 
pletely final decision upon the point, the consensus of opinion is that reserv^e 
fats are not synthesised in the cells of adipose tissue from carbohydrate, 
etc., conveyed to them by the blood stream, but that they receive the fat 
(either as such, or as fatty acids or soaps) from the latter. Consideration of 
all the facts now known seems to suggest, indeed, that the reserve fats are 
carried by the blood stream in the form of glycerides. It has already been 
pointed out that the close relationships between the glyceride structure of 
reserve fats from different animals or from different parts of the same animal 
appear to point to the production of these hoxlies by the same mechanism 
and, in any one animal, probably at one site. It is practically impossible to 
reconcile the production of reserve fats in the adipose tissue cells, either by 
transformation of phosphatides or by direct synthesis from fatty acids or 
soaps, with the particular component glycerides which they have been 
observed to contain . 

At first sight it may appear equally impossible that the concentration of 
glycerides normally present in the blocKi stream should suffice as the source 
of adipose tissue fat, but a simple calculation will show that this is not so. 
From the data in such experiments as those quoted in this chapter it appears 
that the quantity of reserve fat deposited per day in a pig which is being 
fattened is of the order of 100—200 grams, or about 4-8 grams per hour 
The concentration of glycerides, as distinct from other fatty compounds, in 
the blood stream has not yet been given very accurately, but is probably 
of the order of 0*2—2 per cent, (according to circumstances).**' As Leathes 
and Raper have pointed out,^^ in order to carry more fat from one site to 
another, the blood need not contain more ; it is a* question of rate of transfer. 


♦ For studies of the fatty compounds present in the blood of animals fed 
under various conditions, the papers of L. Lottes {Arch, Kxp, !Path. cmd Pharm., 
191X, 66, 132) ; W. R. Bloor and co-workers (J, Bial, Chem., 19^4, 17, 377 ; 
19, I ; i9i5» 23, 317 ; 1916, 25, 577 ; 1917^ 29, 7 ; 191S, 36, 49 : 1922, 52, 191) ; 
E. F. Terroine (j. JPMysiol. Path, gen,,, 1914, 16, 212 ; Ann, Sci. Nat. Bat., 1920, 
(x), 2, i), and others may be consulted. 
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not of concentration. In the case of the lactating cow, Kay et have 

shown, from the rate of flow of blood through the mammary gland and the 
glyceride content of the blood, that the amount of glycerides passing into 
the gland in the blood stream is suflicient to provide all the milk fat formed 
(other findings by these workers having pointed to the blood glycerides as 
the precursors of the milk glycerides). 

From the comparative studies of the glyceride structure of animal depot 
fats referred to in Chapter VII (pp. 233~:?39) it may well be supposed that the 
primary phase of the glycerides which finally appear as reserve fat is that of 
a comparatively unsaturated mixture produced by lipolytic esterification of 
the mixed fatty acids formed initially by synthesis from carbohydrate, etc. 
These glycerides -will usually contain about 25—30 mols. of palmitic and about 
y5_yo mols. of oleic (with diethenoid Cig) acids, and may be synthesised in 
the liver and pass thence into the blood stream. In those animals which 
produce reserve fats with important contents of stearic glycerides, however, 
a partial reduction of some of the oleic glycerides (after synthesis) ma,y 
also be postulated before the fat mixture emerges into the blood stream 
from the intestines. Such a sequence of processes would be capable of 
yielding glyceride mixtures having the specific structures observed in lards, 
tallows, etc. The deposition of related fats differing in degree of saturation 
(stearo-glyceiide contents) would, on this hypothesis, depend upon differen- 
tiated or selective absorption of the various glycerides in the blood stream 
by the cells of different adipose tissues. 

Much further experimental inquiry is still needed, however, before a 
definite conclusion as to the mechanism of animal reserve fat synthesis and 
deposition can be put forward with complete confidence. - 

The nature of depot glycerides in different aninials depends, of course, 
on a number of other factors in addition to the basal diet from which the fat 
has been synthesised. Thus, in the group of body fats which contain little 
stearic acid (Chapter III, Tables 23 and 28, pp. 65, 72), the nature of 
the unsaturated acids appears to vary according to the species, and probably 
also according to differences in life-habit, etc. Thus the body fats of the 
domestic fowl seem to contain a fair amount of linoleic acid, although this 
may be due to some extent to ingested fat. It is an old observation that. 
Judged by average iodine values of the fats, wild animals produce a much 
more unsaturated reserve fat than those bred in captivity. Thus the iodine 
value of fat firom the wild goose was 99-6 as compared with 67-0 for the fat 
from domestic geese**®; and that of fat from rabbits was idi*i (wild) and 
64*4 (tame) These differences might be due to the food, or to external 
conditions. 

Imdy tepiperature and the composition of reserve 

^Is. An interesting feature of reserve fat composition is its connection 
with the site in which it is deposited. In the pig, it will be seen that the 
iut^tinal adipo!^ tissue surrounding the kidney is distinctly more saturated 
than the inner layer of the back tissue fat, and this, in its turn, than the 
outermo^ layer (due, almost entirely, to the replacement of oleo-glycerides 
by stearo-^yoerides in the saturate fats) . In the hen, pn the contrary, 

the fats fooBo the twp external tissues, the neck and tfie abdominal layer, were 
founii to be practkmlly identical with the layer of fat on the inner surface 
of the m^enteriiiin. 

The usual explanation of these phenomena, onc which scem§ the 
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most probable, is that they are mainly conditioned by the temperature of the 
tissues in which the fat is deposited. In the case of birds, whose skin is well 
protected from external temperature changes. by their feathers, it is not 
therefore unnatural, on this h5^thesis, to find that depot fat from different 
parts of the bcjdy, whether intestinal or outer tissues, is of much the same 
composition in all cases. 

The differences in the composition of fat from the adipose tissues of the 
pig were first correlated with temperature by Henriques and Hansen 
in 1901, who compared the setting points and iodine values of fats from 
various sites with the body temperatures in the case of a pig fed on barley 
with the following results : 



Solidifying 

lOD. 


Body 


Point 

” Value 


Temperatures 

Outer back fat 





r outermost 

— 

60-0 

f 1 cm. deep 

33-7" 

Tinner layer 

26*4'=^ 

57-1 

2 „ „ 

34-8" 

Inner back fat 



Back tissue < 


f outer layer 

280" 

51-8 

1 3 „ „ 

37-0^ 

T innermost 

27-7" 

50-6 

14 „ „ 

39-0" 

Perinephric fat 

29-6" 

47-7 

Rectum 

39-9" 


They also kept three pigs from the same litter for two months, one at 
30—35°, one at 0°, and one at 0° but covered with a sheepskin coat ; the 
iodine values of the outermost layers of the back fats of the animals were, 
after this treatment, respectively 69*4, 72*3, and 67-0, thus strongly support- 
ing their hypothesis. 

The composition of the inner layer of the pig back fats (i.e. beneath the 
“ streak was ?LpparentIy more or less homogeneous in Henriques and 
Hansen’s experiments, and this, as well as their general findings, was fully 
confirmed by detailed analyses by Dean and Hilditch of the component 
acids of fat taken from five layers of the adipose tissue from the back of a 
sow fed on a non-fatty diet (see Chapter III, Table 33 (v), and p. 83). 

It has been said ^ that Fat to be of use as a source of energy in the 
body must be just fluid at the natural body temperature, and as a conse- 
quence the fat of cold-blooded animals (fish) is of very low melting point, 
while the fat of the sheep which has a high body temperature (104° F.) is of 
higher melting point than that of the bullock with a lower body temperature 
(101° F.)/’ Whilst it is clear that fats present in an animal (or plant) must 
be almost completely, if not wholly, liquid at the natural temperature of 
the organism, it does not necessarily follow that warm-blooded animals 
always produce fats of higher melting point and more saturated character 
than cold-blooded aoirnals or plants which are indigenous to cool regions. 

The instances of fats of fish, sheep, and bullpck given in the quotation, 
for example, should be considered in conjunction with those of such animals 
as the mbbit (body temperature 103-^104° F,) or the hep (104-108° F.). 
Whilst sheep fat contains only about 40 per cent, of unsaturated acids 
(mainly oleic), rabbit fat contains nearly 70 per cent., most of which is 
Ijnoleiq acid, with appreeiahio quantities of still less saturated acids. Again, 
hen fat contains about 70 per cent, of unsaturated {oleic and linoleic) acids, 
in §pite of the high body temperatnm of the bird ; this fat is, indeed, almost 
completely liquid at room temperature. Further, the rat, with a body 
temperature of 100° F, (lower than that of the rabbet) contains about the 
same high proportion of unsaturated adds, but these consist almost wholly 
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of oleic acid : the more imsaturated linoleic acid, present in great quantity 
in rabbit fat, is almost absent from that of the rat. 

It has also been usual to connect the liquid, very highly unsaturated fats 
of fish with their low body temperature ; yet marine mammals such as the 
whale, dugong {102-104*" F.) or porpoise (96-98*6® F.) have body temperatures 
of the same order as those of land animals, whereas their fats are very closely 
similar in composition to the fish oils, and include the same series of highly 
unsaturated acids. 

No wide generalisation can therefore safely be drawn between temperature 
of the organism and the composition of its fat. Fats which are solid at the 
normal temperature of plants or animals are obviously incompatible with 
their conditions of life, but, of animals and plants which exist under relatively 
warm conditions, some utilise fats of a relatively saturated (solid) character, 
but others resemble the cold-blooded animals and temperate plants in having 
fats of a more unsaturated and liquid type. Body temperature clearly plays 
a part in some instances, but this is often less clearly defined than that 
conditioned by species or other biological factor. 

Milk fats. The component acids and glycerides of milk fats were dis- 
cussed in Chapters III (pp. 93-102) and VII (pp. 240-243, 254-261), and at 
the same time their relationships to the depot fats were pointed out. Their 
characteristic composition can be explained on the hypothesis that the same 
comparatively unsaturated mixture of glycerides (with 25—30 mols. of 
palmitic to 75-70 mols. of oleic acid, which, on the one hand, may undergo 
partial hydrogenation before it appears as depot fat, e.g. in the ox or sheep) 
is transformed wfithin the mammary gland, oleo-glycerides being converted 
into those of the shorter-chain, mainly saturated acids. Evidence from 
several angles in support of this h3?pothesis has been dealt with in the two 
previous chapters already mentioned (see, especially. Chapter VII, pp. 240- 
243), to which the reader is referred. Here it need only be repeated that the 
evidence in favour of blood glycerides being direct precursors of milk glycer- 
ides is almost complete, but that, although the mechanism of production of 
the latter postulated by the above hypothesis is consistent with the points 
brought out by the determination of the constitution of milk fat glycerides, 
there is still no direct experimental evidence as to what actually goes on. 

To sum up the present section of this chapter, it may be said that at 
piesent there seem to be good reasons for the belief that fats are manufac- 
tured from carbohydrate, etc., in one central site of the animal body, probably 
the Hver. The fats produced pass into the blood stream and are thence 
absorbed selectively as required by the cells of the various fat depots. 
Quite probably, of course, at difference stages of the life cycle (for example, 
during the g^tatory and lactation periods of the female mammal) modified 
types of blood fat may be produced by the synthetic processes ; it is also 
becoming apparent that, with advancing age, the general character of the 
reserve fats of an animal alters in some degree. On the basis of a single site 
of fat biosynthesis from carbohydrate, etc., in the animal, the general 
structural amilarities which have recently been shown to exist between 
fats so af^^rently diferent in compostion as milk fats and tallows cannot 
be r^^d«i as unexpect^ ; indeed, the structural likenesses which have 
b^n brought to light may rath^ be r^arded as confirmatory evidence of a 
single centre of fat synthe^ in the animal. 
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Possible Mechanisms of the Conversion of Carbo- 
hydrates into Fats 

At this point, since we have seen that there is abundant evidence that 
carbohydrates are at all events the main source from which fats are pro- 
duced by plants and animals, it is necessary to review the hypotheses which 
have been advanced from time to time to account for this transformation. 
The matter will perhaps ultimately prove more difficult to explain in the 
case of plant fats than of animal fats, for there is less qualitative difference, 
for example, between the reserve fats of many terrestrial animals (and 
possibly birds), or between the liver oils of most fishes, than there is between 
the seed fats of different botanical families. Put in another form, the problem 
is not merely to give a reasonable explanation of how glucose or fructose or 
starch can be chemically converted into a general mixture of fatty acids 
or glycerides ; we have also to explain, for example, why the sugars present 
in the growing endosperm of Palmae species yield the characteristic Palmae 
kernel fatty acids (50 per cent, lauric, 20 per cent, myristic, etc.), while 
those in the cotton seed lead to a fat with about 25 per cent, each of palmitic 
and oleic and 50 per cent, of linoleic acid, those in the nutmeg produce 
75—80 per cent, of myristic acid, in the castor seed 80 per cent, of ricinoleic 
acid, in seeds of certain Aleurites 80 per cent, of elaeostearic acid, in seeds of 
the Cruciferae 30—40 per cent, of erucic acid, in those of the Umbelliferae 
varying amounts of petroselinic acid, and so on. Together with this, we must 
remember that, in a great number of other plant families, the main component 
acids of plant fats are large quantities of oleic and/or linoleic acid with 
(usually) less palmitic acid. 

Indeed, in the vast majority of natural fats the most abundant com- 
ponent is oleic acid ; and, if we include with oleic the structurally closely 
related linoleic, linolenic, and el^ostearic acids, a still larger proportion of 
the fatty acids present in nature fall into this one group. Logically, there- 
fore, one would have considered that explanation should have been sought 
for the production from carbohydrates of the most characteristic structure 
found in all natural fats : 

CH3.[CH2]7.CH=CH.[CH2]7.C00 — 

In fact, this has never been seriously considered- Instead, attention 
has been concentrated on another feature of natural fats — ^the almost 
exclusive occurrence of straight-chain fatty acids containing an even number 
of carbon atoms in the molecule. This obviously has an important meaning 
in connection with the biosynthesis of fats, but it may prove somewhat 
unfortunate that attention has been diverted so much from the equally 
fundamental problem of accounting for the synthe^ of the most abundant 
component of all, oleic or A ^-^^-octadecenoic acid. However that may be, 
much consideration has been given to the possibility that carbohydrates are 
first broken down to a two-carbon unit (e.g. acetaldehyde), which serves as 
a basis, for re-assemblage into fatty acid chains containing even numbers of 
carbon atoms. 

Parallel with the development of various hypothetical sequences of 
reactions whereby higher i^tty acids might result from aldol or other con- 
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of 
: P 


studies of fat 


saturated acids accornpanieo. 

that unsaturated acids of lower molecular weight than 
ap were also present in quantity. In any case, the recorded 
are extremely low by comparison with other mould fats the 
it acids of which have been studied in more detail, cf. Chapter IV, 
They then made other experiments in which dilute (1—4 per cent.) 
solutions of pyruvic or lactic acids, acetaldehyde, aldol, alcohol, and 
were used as nutrients, and in each case observed considerably 
’ formation of fat as compared with the respective control experi- 
ments : 


Nutrient Added 
Pyruvic acid 
Lactic acid 
Acetaldehyde 
AMol 

Ethyl alcohol 
Glycerol 


Percentage of Fat (as Fatty Acid) in the Yeast 
Moulds 


Added Nutrient Control Increase 

11-2 3'3 7-9 

10*0 2-7 7*3 

8-3 2*8 5-5 

24*3 6-8 17-5 

28-1 30 25*1 

16-8 30 13-8 


At about the same time Smedley-MacLean and HoEert concluded, 
from studies of fat and carbohydrate production in growing yeast, that 
acetaldehyde is first condensed to hexose, which is either converted into 
stor^e carbohydrate or directly condensed into higher fatty acids without 
passing through a fatty aldehyde stage, and probably by a direct linking of 
the hexose molecules. 

In 1929 Harber showed that PeniciUium cultures grown in solutions of 
glucose, sucrose, xylose, or glycerol produce fat to about the same extent 
and contaming the same type of fatty acids (30-^30 per cent, saturated 
(mean mol. wt. 270-290) and So-yo per cent, of unsaturated, iod. yal. about 
110-120). The amoimt of fat obtained, however, was very small in relation 
to the total sugar present, and it appears uncertain whether the experiments 
conclusively ^ow any direct connection between the carbohydrate in the 
medium and the resulting pemciUium fats : 


Mjhmum 9ug.am. PetmnUium Growth Fii^ally Produced 
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In 1938, following the chemical syntheses (referred to below) of higher 
polyene aldehydes and reduction of the latter to fatty acids by Kuhn and 
others, Reichel and Schmid ^2 repeated and extended Haehn and Kinttof's 
observations with Endomyces vetnalis. They found that glucose, fructose, 
or cane sugar were converted to the extent of about 25 per cent, into fatty 
matter, the originally fat-free cultures containing at the end of the tests 
7-12 per cent, of neutral fat and 5-8 per cent, of free higher fatty acids ; 
fructose was an exceptionally good source of fat. They also found that, 
whilst higher saturated aldehydes (e.g. octyl or decyi aldehydes) were merely 
oxidised to acids of the same carbon content, polyene aldehydes, such as 
hexadienal CH3.[CH:CH]2.CHO, or octatrienal CH3.[CH:CH]3.CHO, were 
converted into higher fatty acids. Reichel and Schmid suggest that three 
molecules of hexadienal 3deld CH3.£CH:CH]ig.CHO, which is oxidised to the 
corresponding acid and also reduced, firstly to oleic acid, and possibly* 
further to stearic acid ; whilst condensation of two molecules of octatrienal 
similarly leads to palmitic acid. Although they could not repeat Haehn 
and Kinttof's result with pure glycerol, they found that mixtures of glycerol 
with either pyruvic acid, acetaldehyde, crotonaldehyde, hexadienal, or 
octadienal yielded the mixture of fatty acid arid fats. Without giving 
analytical characteristics, they state that possibly the components of the 
products are linoieic, oleic, stearic, and palmitic acids and conclude with the 
statement — possibly somewhat premature or, at least, comprehensive — that 
their fturther experiments will completely elucidate the mechanism of fat 
synthesis. Interesting and valuable as Reichel and Schmid's demonstration 
is that Kuhn's polyene aldehydes are also utilisable by enzymes as material 
for higher fatty acid synthesis, their work may well be regarded as pioneering 
rather than final, and no doubt other microbiologists will be attracted to 
this problem ; in which case more progress will ensue if the nature of the 
component acids of the s5mthesised fat is more closely examined than in any 
of the studies mentioned in the preceding paragraphs. 

Theoretically possible mechanisms of fat synthesis from carbohydrates. 
We will now return to the consideration of various mechanisms which 
have been put forward as tentative possilrilities in the biosynthesis of higher 
fatty acids. First of ail we may deal with the suggestions which are 
obviously influenced by the even number of carbon atoms present in 
practically all acids of natural fats. There are two main variants of this 
hypothesis. 

Nencki suggested as long ago as 1878 that acetaldehyde might be 
produced from lactic acid and then condense to give fatty acids ; Magnus- 
Eevy and loathes indicated at a later period the manner in which this 
might occur ; for example : 

CH3.CHO + CH^.CHO 

Acetaldehyde (Simultaneous 

X oxidaticHi 

CHs.CH(OH).CH 2.CHO : ^ .. . . . eHs.CHa.CHa.COOH 

AMoI ai^ Butyric acid 

ireduction) 

Repeated condensations of aidoi with itself or with acetaldehyde would 
result in sim ilar building up of any of the hi^ier normal saturated acids of 
the gen^ui f^mul^ C^Il4n02- The possibility that such condensations, 
higrhgy in the series, would lead to branched-chain products was ^own to be 
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unlikely by the experiments of Raper ^6 and of Smedley ^7 on the auto^ 
condensation respectively of aldol and of crotonaldehyde. 

Li 2 brz 3 mska and Smedley advanced, as an alternative, t’Se sugg^estion 
that acetaldehyde or its condensation products condensed with a molecule 
of p^niivic acid to yield derivatives which by further change would result in 
the production of saturated acids : 

CHa.CHO-hCHa.CO.CCKJH-^CHs.CHiCH.CO.COOH+HaO 

CHa.CH ;CH.CO.COOH->CHa.CH :CH.CH04- CO 2 

CH3.CH:CH.CHO+CHs.CO.COOH-^CH3.CH:CH.CH:CH.CO.COOH+H20 

CHs-CH :CH.CH iCH.CO.COOH-^CHs.CH :CH.CH :CH.CHO+ CO 2 

CH3.CH:CH.CH:CH.CHO+4H+0-vCHa.[CH2]4-COOH ; etc. 

Recently, evidence of the chemical feasibility of these views has been 
forthcoming in the work of Kuhn and others on the condensation of acetal- 
dehyde and crotonaldehyde to conjugated polyene aldehydes of higher 
molecular weight ; this has been shown to be possible in the presence of 
specially chosen catalysts, notably organic salts of weak acids such as 
piperidine acetate, etc. From condensation products of crotonaldehyde 
Kuhn et al.^^ have isolated hexadecaheptaenal, CH 3 .[CH:CH] 7 .CHO, from 
which cetyl alcohol was obtained by reduction, whilst condensation with 
malonic acid gave octadecaoctaenoic acid, CH3.[CH:CH]g.COOH, converted 
by hydrogenation into stearic acid (the first synthesis of this acid direct 
from a two-carbon chain compound). Similarly, F. G. Fischer et al.^^ 
obtained octatrienal and dodecapentaenal, CH 3 .[CH:CH] 5 .CHO, converting 
the latter into lauraldehyde by reduction, and also obtaining tetradeca- 
hexaenoic acid, CHs.[CH:CH] 6 .COOH, from it by further condensation with 
malonic acid- The way, chemically si>eaking, is therefore clear for the pro- 
duction of higher fatty acids of " even number carbon content from 
acetaldehyde as starting point. Kuhn has pointed out the implications 
and reservations of these experiments in relation to the synthesis of fatty 
acids in the plant from acetaldehyde derived from hexose fermentation. 
It is evident that, if this be the fundamental mechanism, reduction of the 
polyene chain commences at a very early stage in the living plant since, 
by the time a Ci® or Cjg compound is reached, the colour of the conjugated 
polyene derivatives is intense and would necessitate far deeper coloration 
in the developing seed than is actually the case. There is, however, one 
very inter^ting feature to be noted if it be assumed, for the moment, that 
octadecaoctaenal, CH3.[CH:CH]g-CIIO, is an intermediary precursor of 
C 18 acids in fats synthe^sed in viw : stepwise reduction of the conjugated 
syston in this compound, in accordance with the Thiele rule, would add 
succ^ave atoms of hydrogen at the extreme ends of the chain of conjugated 
ethencad groups, and in this way would reach, at the stage immediately 
precedir^ complete saturation (stearic acid), the compound A Q*^Q-octa- 
decenoic (oleic) acid. This is the only propK)sition put forward so far which 
leaves open the possibility of a selective synthesis of oleic acid. 

It is interesting also to note here, whilst referring to Kuhn’s recent work, 
that Takei have identified A^-hexenal, CH 3 .[CH 2 ] 2 *CH:CH.CHO, 

and tru^ A^hexenol, CH3.CH:CH.[CH2]2.CH2.0H, in the growing leaves 
of tea, ivy, clover, cmk, wheat, and other plants, whilst they state that certain 
diethenoid aJ€»hoIs of the C® series are pr^ent in cypress and violet leaves. 

In the earlier forms of the aldol-condensation theory outlined above, it 
was generally taken for granted that saturated acids were the normal end- 
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product, and that any iinsaturated acids — including, of course, the chief 
components of all natural fats, oleic and linoleic acids — ^must be produced by 
‘‘ desaturation of saturated acids. On this hypothesis, therefore, stearic 
acid is the ine^dtable precursor of oleic, linoleic, or linolenic acids — a proposi- 
tion which bristles with difficulties. Not only have we to explain the wide- 
spread occurrence, in vast quantities, of a particular oleic acid, 
octadecenoic acid (and of the similar linoleic or cis-cis- A s<-octa- 

decadienoic acid), but to account, in many cases, for the production of these 
acids in cool climates, where it is evident that the presence, even transiently, 
of stearic acid as an intermediate in any quantity would lead to the presence 
of fatty compounds which would be solid at the prevailing temperature. 

These and other diffiqpities were appreciated at the time the original 
hypotheses were put forw’ard. We may quote, for example, Leathes and 
Raper,®3 who express the opinion that it seems improbable that the saturated 
acids are the intermediate and the unsatinrated acids the final products of 
bios3nithesis, because the saturated acids first formed would be relatively 
more stable than the unsaturated acids ; the saturated acids contain a 
greater store of potential energy than the unsaturated ones, and it does not 
seem clear why a substance stored up as a source of energy should be made 
first with a maximum store and then partially degraded to one with a lower 
potential energy by an oxidation process. These authors add that it is 
almost certainly proved (cf. this chapter, p. 297) that a process of desatura- 
tion takes place when reserve fat is called upon to 3deld up its energy, but 
that it appears unlikely as a process which operates in the synthesis of 
unsaturated acids previous to their storage as neutral fat. Leathes and 
Raper also consider the possibility that fats are formed in nature by a series 
of reactions, the end points of which vary according to the temperature at 
which they occur ; they suggest that at higher temperatures the reactions 
leading to the formation of higher saturated fatty acids may reach comple- 
tion, while at lower temperatures the same end point is not reached, the 
unsaturated fatty acids then forming the final products. It will be seen 
that, on this view, the unsaturated acids are regarded as the intermediate, 
and the saturated acids as the ultimate, products of synthesis. 

Apart from the difficulty of accounting for the production of 
octadecenoic (oleic) and its related unsaturated acids, all of the above 
theories of fatty acid synthesis based on assemblage of carbon atoms, in 
2 or multiples of 2 at a time, share the disadvantage of failing to show 
(i) why the condensation should stop preferentially, as it does in so many 
instances (notably in animals) at the Ci© or Cxs stage, and (ii) why large 
quantities of acids such as lauric (Cxg), myxistic (C14) or arachidic (C^o) should 
in other specific cases be preferentially produced- Accepting, for example, 
the proviso that fats in a living organism must be liquid, or almost liquid, 
at the prevailing temperature, it is dear that large quantities of glycerides of 
saturated acids will only be encountered in seed fats of tropical or sub- 
tropical plants ; but it still remains to account for the preferential production 
of, for instance, lauric acid in the coconut and other palm fruits, and stearic 
acid in fats such as cacao butter, shea butter, and the like. 

We must next briefly consider an approach to the problem from another 
angle, namely, that fatty acids may be produced by the direct condensation 
and subsequent transformation of monosaccharide molecules. This po^- 
biHty has been realised for quite as long a time as the alternative of prior 
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degradation of hexose to C 2 units which has already been discussed, and was 
supported by Emil Fischer.®^ This obviously accounts readily, on paper, 
for the production of Cjs and C 12 acids but, like the other view, takes no 
account of the specific formation of oleic and its related acids, and does not 
help much, in its simplest form, to explain the formation of palmitic and 
other saturated acids. At the same time, it is evident that palmitic acid 
could be envisaged as the end-product formed from two molecules of pentose 
and one of hexose. This is of course speculative, because no clear evidence 
has been given at present as to whether pentoses can be converted into 
higher fatty acids by enzyme action. They are present, of course, equally 
with hexoses in nature — ^in plants in the form of pentosans and gums derived 
from ^-xylose and J-a^hinose, and in animals in the nucleoproteins(i^-ribose), 
and in both in the form of nucleic acids (^f-ribose). 

Armstrong and Allan s® supported the direct monosaccharide condensa- 
tion h 5 q>othesis in a theoretical survey of the problem some years ago, and 
also suggested a further alternative : the resolution of a hexose into 
(instead of Cg) units, followed by condensation of Cg units to C©, C 9 , 

Cig, etc., units of a fatty nature, pointing out that in such a process oleic 
acid might be one of the ultimate products. The conception of C 3 units, 
at first sight unusual, is at all events in harmony with the current views of 
carbohydrate fermentation (alcoholic), in which it is now recognised that 
triosephosphoric acids play an important part as intermediate products. 
It is certainly attractive because of the leaning towards C3, Cg, and Cg 
groups which is so clearly observable in the natural unsaturated fatty acids. 
Examples of this are as follows : 

Type Grouping Acids in which this Grouping 

I^CCURS 

C, CH*. [CHj] 7. CH= or =CH.£CH2l7*COOH Oleic, linoleic, linolenic, el^sfearic, 

hexadecenoic, tetradecenoic, ricin- 
oleic, erticic, (ai^o oleyl alcohol). 

C3 =CH.CH2-CH= Linoleic, linolenie. 

C« CH3.[CHd4-CH= or =CH.ECHd4-COOH Linoleic, petroselinic, 

Cia CH^.ICHdia-CH— Petroselinic. 

More or less direct formation of fatty acids from hexoses is perhaps also 
silpport^ hy the observations of Emde aild Reichel that a specific 
fructose, is more readily converted than others into fatty acids. 
On the other hand, it is apparently liot in hariiioiiy 'mth the findings of 
Haehn and iCmttof that carbon dioxide is consistently foirmed during the 
conversion of sugars into fats- — ^this latter observation pointing definitely 
towards the initial breakdown of hexose into acetaldehyde and carboii 
didxMe. 

who favour the theory of imtial production of C^s acids frorh thr^ 
lildieciiles of hexose have frequently attributed thd dccuiTenc^ of acids of 
tewer weight to d^r^atidn of the Cig acid By what is knowm as 

R.CHa.CH».C(MH->R.CO.CH2.Cdk3H->FE .COOil 4-2C02 

(a process which wouldy uMdeiitalfy,, involi^e the forhiatioil of carboii 
dioxiife). " Of fatty acids is a process which has b&efi con- 

cluavely proved to Smmig thc^ disruption in the aiiimal Organi^i 

but this is not nroe^arily evidence that it takes place during their synthesis. 
Morecrrer, it do^ not help us to explain the biosynthesis of palmitic Ot laurie 
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acids from the unsaturated oleic acid which, as the most prevalent natural 
Cjs acid, may reasonably be supposed to be the fatty acid produced in the 
first instance from sugars. Actually, Armstrong and Allan {ioc. cit.) said 
that, when hexa- or tetra-decenoic acids accompany palmitic acid in a fat 
(e.g. marine animal oils), they were inclined to accept ^-oxidation as the 
probable mechanism of production of the abundant palmitic acid ; but that 
in other cases some other explanation to account for its direct synthesis 
seems desirable. In the light of later knowledge, even this qualified accept- 
ance of ^-oxidation must go by the board, for both hexa- and tetra-decenoic 
acids are known to contain their unsaturation in the same position ( 
as oleic acid, w’hereas their production from the latter by )3-oxidation would 
lead respectively to a A^'^-hexadecenoic and a A^*^“t#radecenoic acid 1 
On the other hand, the mechanism of the initial stages of the j8-oxidatioh 
process, applied to other parts of the alkyl chain, may well play an important 
part (in the reversed direction) in the transformation of a — CH(OH).CH(OH) — 
carbohydrate grouping into — CH 2 .CH 2 — or — CH:CH — , for instance : 


I 

HaO-l-CHfOH) 

HaO+CHCOH) 


CHa-f-HO.OH 

I 

CH 2 +HO.OH; 


CH(OH) 

CH(OH> 


C(OH>4-HaO 

CH 


CH+HO.OH 

ll 

CH 

I 


Thus, a typical carbohydrate system might undergo conversion (reduction) 
into a typical fatty system by the operation of an oxidation-reduction process 
in which hydrogen peroxide (or atomic oxygen) would be released and utilised 
by an " oxygen acceptor present in the reacting system. 

It will be seen that the results of speculative contemplation as to the 
possible mode of conversion of sugars into fats lead to a number of suggest 
tions, none of which is at present either adequately supported by experi- 
mental evidence, or free from a number of difficulties. Perhaps it will be 
helpful to set down the chief suggestions in a numerical way which, whilst 
obviously only illustrative, may serve to recapitulate what has been dis- 
cussed in the previous pages : 


General Hypothesis 
(a) Aldol-condensaticm-f-reducfion of 

acetaklehyde (Neocki, Smedl^- 
MacLean, Haehn, etc.). 

(If) Aldol-coridensation+reducfion of 

crotonaldehydb arid acetaldehyde 
(polyene aldehydes) (Kuhn, Reichel, 
etc.). 

(c) Direct cond^sartion of hexasds (E. 

Fisch^). 

(d) Condensation of 3-carbon units pro- 

duced from hexoses- 

(e) Direct cozRl^i^tion of l^xt^es a»d/or 

pentos^. 


TYPES OF POSSIBLE FATTY AcIDS 
Saturated acids of the series CswHinO*- 


Saturated and unsaturated acids of the series 

CjtftH^nOa : 

3C4-^Ca2; 3C4-f C»-^Ci4 ; 4C4-^Ci«; 

4C^~f~Cs — ^Cj* f etc, 

^Cfi— ^Ci g. 

Possible uiKaturated acids with the charac- 
teristic groupings 

=^CH.CH*.CH=, =CH.|CHd 7 -C--,etc. 
2Ce~^Cja ; >-Cig ; JCg— ^Cit j 4Cs-^ 

Ca» i 2Cg-i-2C8— vCaa ; etc. 


Ofeic acid caii be aecdunted for by mechanisms (d), and possibly (c) 
and (d) ; satiirated acids not mtiltipies of C5 (i.e. the myristic, palmitic, 
aracMdic, ©to., series) caii be aic^dtiilted for, without recourse to oxidative 
^^adaticui df a Mgher skddj by meclmnlsms (^) or (<?) ; mechanism (e), 
which must in any case be regarded as purely speculative in the absence of 
expeiiiiiental evSd«ice as to peiito^ fermentation to fatty acids, fails 
GuiiouslX" to allo%^ fm the prdductioii df acids of the C14 (myristic) series. 
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There are man^" details, however, which are still difi&cult to reconcile 
with any simple mechanism of conversion of carbohydrate to fatty acid ; of 
these the following may be mentioned : 

(i) When one saturated acid occurs in comparatively large amounts as a 
major component of a fat, it will almost always be found that minor quan- 
tities of the acids containing two more and two less carbon atoms in the mole- 
cule accompany it. Thus, the many liquid fats which contain about 7—10 per 
cent, of palmitic acid as a characteristic component also usually contain 
small amounts {not more than x— 2 per cent.) of myristic and stearic acid ; 
in palm oils with about 40 per cent, of palmitic acid there is usually about 
2 p)er cent, of myristic and 4—6 j>er cent, of stearic acid ; in seed fats con- 
taining large proportions of stearic acid there is usually a little arachidic as 
well as palmitic acid ; the Palmae kernel fats with 45—50 per cent, of lauric 
acid contain also about 20 per cent, of myristic and about 6-8 per cent, each 
of caproic and caprylic acids ; the palmitic acid (usually 10—15 cent.) 
of fish oils is accompanied by about 2—5 per cent, of myristic and up to 
I i>er cent, of stearic acid. 

The production of the next lower acid in the natural series than the 
major component acid could be explained'" by recourse to the ^-oxida- 
tion mechanism ; but almost always the acids on both sides of the major 
component saturated acid (i.e. of higher as well as of lower molecular weight) 
are in evidence. The phenomenon is, indeed, rather that of an exceedingly 
sharp maximum formation of one (the major component ") acid, with very 
small amounts of the adjacent members of the saturated homologous series. 

(ii) In a few groups of seed fats, especially those of the Palmae, there is 
a relatively long sequence of saturated acids, rising in content to a sharp 
maximum and then falling. For example, in the saturated fatty acids of 
the coconut, we have : 

Acm: C« Cg Cja Ci4 Cia Uig 

Pex Cent. Trace 9 8 52’ 19 10 2 

In most cases of this kind the proportion of oleic acid present is unusually 
low, and one is tempted here to fall back upon the older Nencki and Smedley 
view that, at least in these saturated acids, the synthesis is the result of a 
step by step building-up from units with a selective preference for a 
maximum production of one acid. This would also include the otherwise 
unaccounted for group of Myristica fats (of high myristic and low oleic 
content) and would in addition serve to explain the general presence of small 
amounts of the two adjacent acids to a major saturated component acid to 
which attention has just been drawn. Yet on general groxmds, as has been 
pointtti out in the course of this discussion, it seems at the moment equally 
reasonable to look to and C3 (with perhaps C5) carbohydrate-like complexes 
for a more consistent explanation of fat synthesis in the majority of cases. 

(iii) The marfc^i tendency for animals to synthesise reserve fats con- 
taining a very toge proportion of palmitodi-Cig glycerides (probably originally 
mainly palmitociiolein) is a characteristic feature which clearly invites a 
specfial ej^lanation in terms of the derivation of palmitodiolein — or, at 
least, a mixture of one molecule of palmitic acid and two molecules of oleic 
acid — ^from carbohydrate, 

(iv) The milk fats, with their characteristic content of butyxic-lauric 
acids, repin^ent another group which demands separate consideration. 
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From what has been said earHer, however, it will be appreciated that there 
is growing reason to consider that, in their final form, both the reserve and 
milk fats represent mixtures of glycerides which have undergone specific 
modifications in the organism subsequent to the synthesis of the original 
fatty acids and their combination into the precursor glycerides of the final 
fats- 

It will be seen that the problem of the synthesis of fats in vivo from 
carbohydrates is extraordinarily complex and difficult. There are so many 
varieties of fat components that it is not at all easy to make a logical and 
clear statement of the case, quite apart from the lack of ascertained facts 
and the uncertain premises of many of the suggested hypotheses- The 
foregoing arguments may be summed up by saying that there is general 
and apparently well-founded belief that carbohydrates, and indeed hexoses, 
are the chief precursors of fats synthesised in plants and animals ; and that 
a number of suggestions have been made as to the chemical processes 
through which the conversion into fat may be effected. Relatively few of 
these hypotheses have accorded sufficient weight to consideration of the 
different characteristic groups of component acids which are known to he 
representative of various natural biological groups of fats ; yet some con- 
sistent explanations have been put forward which allow for the widespread 
occurrence of oleic acid, the production in specific instances of other Cis 
(and Ci2 or C24) acids, and for the possibly independent production of C14, 
^16» ^20» ^22 SLCids. 

If one or other of the sequences of processes suggested above should 
prove to be a rudimentary approximation (and, with our present knowledge, 
it can be no more) to the biochemical conversion of carbohydrate into fatty 
derivatives of the nature of oleic and linoleic acids, there nevertheless still 
remain a number of difficult problems to solve before the origin of the 
curiously specific mixtures of components which characterise the fats of 
different groups in the biological world receives a rational and adequate 
explanation. 


xg 
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The Assimilation of Preformed Fats by Ajtiimals 

When preformed fats form part of the diet of an animal, they are dealt 
with, not in the liver, but in the epithelial cells (villi) of the small intestine. 
From these, the fats which are absorbed by the animal pass into the l5rmph 
or chyle which flows through the lacteals of the small intestine into the 
thoracic duct and finally emerges into the blood stream. This peculiarity 
has rendered the fate of ingested fat more amenable to experimental study 
than the allied problem of fat synthesis in the animal ; and possibly has 
led to somewhat disproportionate stress being laid at times upon the for- 
mation of fat in animals by direct assimilation. The results of investigations 
by many workers (especially those of Munk from about 1880 to 1900) went 
to show that ingested fat is not directly absorbed into the lymphatic system, 
but is first hydrolysed and then resynthesised into glycerides ; Moore 
proved definitely that this process takes place in the epithelium of the 
small intestine before the lacteal glands are reached. That the ingested fat 
is first broken down was indicated, not only by the fact that other materials 
such as hydrocarbons which might be expected to pass into the chyle 

are merely excreted, but also by the facts that administration of waxes such 
as cetyl palmitate,*^ ^ or of ethyl esters of fatty acids,'^i leads to the appearance 
only of glycerides in the chyle. Hard fats (e.g. mutton fat) may lose some 
of their more saturated components, and liquid fats may become somewhat 
more saturated,®®* ^o, 72 during the process. 

At one time it was considered that the fatty acids were entirely absorbed 
as soaps, but later it was more generally held that the absorption proceeds 
mainly ma the fatty acids,"^ perhaps partially present as soaps, but that it is 
certainly promoted by the solvent action of the bile acids and, perhaps, of 
other substances such as lecithin which may be present. 

The preceding statement sums up very briefly the views generally 
accepted with regard to fat assimilation by animals up to the present time ; 
in a word, the ingested fat is hydrolysed by lipase in the villi of the small 
intestine, passes as free fatty acids (or soaps) into the chyle, and is resyn- 
theased into glycerides which pass on to the thoracic duct. Recent work 
by Frazer, 7 s however, suggests that this explanation requires considerable 
modification. Frazer devised a method of tracing the glycerides present in 
Ixxiy-fiuids (blood) by microscopic observation, employing dark-ground 
illumination which permitted the particles of 'unhydrolysed fat (glycerides) 
to be detected and counted. In this way the sequence of events consequent 
upon ingestion of fatty meals, or of olive or other fatty oil, was followed. 
It was found that hydrolysis takes place, but only partially ; and that the 
unhydrolysed fai passes directly as such by the lacteal-lymphatic system and 
thence to the fat depots, whilst the fatty acids formed pass by the capillaries 
and the portal vein to the liver where they may be further metabolised. 
Frazer's explanation is therefore that ingested fat which is to be deposited 
as reserve fat by the animal is directly absorbed (without intermediate 
hydrolysis and resynthe^) mu the lymphatic system ; Hpolysis (i.e. resolu- 
tion into firee fatty adids) is not connected with fat deposition, but with the 
production of fatty acids which pass into the liver. 

It may te noted that it is difficult, on the conventional view, to under- 

290 



ASSIMILATION Ut 


stand how the unsaponifiable matter (including the fat-soluble vitamins) in 
ingested fats reaches the liver, but that this is readily explicable in the light 
of Frazer’s theory, since unsaponifiable substances, like the fatty acids 
produced by lipase hydrolysis, are soluble or dispersible in bile acid solutions 
and thus pass with the fatty acids to the liver. 

If absorption of preformed fat proceeds exclusively as indicated by 
Fraze.r’s recent work, the effect on the reserve fat of an animal produced by 
abnormally heavy ingestion of fats would perhaps at first glance be supposed 
to be purely an additive one — the resulting reserve fat being merely a mixture 
of the ingested fat with the normally synthesised fat of the animal- But this 
would not necessarily be the case, because the fatty acids passing to the liver 
as a result of hydrolysis of part of the ingested fat might well alter the 
conditions under which fat was being synthesised therein from carbohydrate. 

If, on the other hand, the hitherto prevailing view of hydrolysis and 
resynthesis of ingested fats be adopted, this would demand a purely additive 
effect if the whole of the ingested fat were dealt with in this way and passed 
on for storage ; but passage of any significant proportion of fatty acids to 
the liver might result, as before, in interference with the normal course of fat 
synthesis therein. 

From the detailed component acid analyses of depot fats of animals which 
received fatty diets it is easy to appreciate, firstly, that fatty acids not 
S3nthesised by the animals are readily absorbed without alteration from 
ingested fats and, secondly, that quite frequently the normal course of fat 
synthesis has been clearly disturbed as a result of the fat ingested. Evidence 
on these lines as to the general effect on the depot glycerides — additive or 
otherwise — is by no means so clear. Study of the glyceride structure in such 
cases has not yet been systematically made, and it seems probable that 
knowledge of the component glycerides, rather than the fatty acids, would 
throw more light on the final effect of, at all events, heavy administration of 
ingested fats to animals. 

The effect on depot fat component acids of fats taken in the diets of 
animals was dealt with in Chapters II and III, where data were available, 
following the more normal types of reserve fat in each animal. The chief 
instances are recapitulated in Table 97 (p. 292). 

Instances in which acids present in the ingested fats (but not normally in 
the depot fats of the animals concerned) appeared in the latter include the 
beetle studied by Collin, Miss Cruickshank’s hens and their ^gs (the latter 
only in the case of linolenic acid from linseed or hempseed), rats (in the cases 
of cod liver, cottonseed, coconut, palm, and olive oils), pigs (soya beans, 
groundnuts, menhaden oil), dog (rape oil), whilst some of the specific acids 
of rape and cod liver oils appeared in the milk fats of cows receiving these 
fatty oils. 

The examples of interference with the normal composition of animal 
depot fats as a result of ingestion of dietary fat are perhaps more interesting. 
Amongst these may be recalled the effects of feeding cottonseed oil to the 
extent of 8 per cent, or more of the diet of pigs (Ellis, Rothwell, and Pool),®® 
and of feeding rats on diets containing 40 per cent, of beef fat or palm oil ; 
in these cases the palmitic acid content of the depot fat fell below both 
® the normal figure for that of the animal on a low-fat diet, and (ii) the 
palmitic acid cont^t of the ingested fats themselv^. This, of course, 
indicates on the one hand inability to absorb all the palmitic acid contained 
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in the dietary fats and also interference with the normal composition of the 
(mainly synthetic) depot fat of the animal. 

Similarly, the ingestion of some fatty oils (especially cod liver oil) by 
cows causes marked alterations in the component acids of their milk fats, 
although in this case the amount of any acid specific to the ingested fat 
which appears in the milk fat is relatively small. 

The opposite effect is noticeable in the two instances cited of fish fats, 
where Lovem has shown that modification (usually hydrogenation) of the 
ingested fat may take place during or after its deposition in the flesh of the 
eel or herring. 

Glycerides of specific acids have frequently been deliberately employed 
as a means of labelling ” or tracing ingested fats in the depots and other 
tissues of the animal body. Of the natural fats, cod liver oil with its highly 
unsaturated C20 ^-nd C22 acids, and rape oil with a high content of eriicic acid, 
have often been used in this way, whilst glycerides of the artificially prepared 
elaidic acid or containing fsooleic '' acids of hydrogenation have been 
utilised. Sinclair, 33 especially, has made systematic use of ingested elaidic 
glycerides in studying fat metabolism. 

The use of deuterium has been explored considerably to the same end by 
Schoenheimer and Rittenberg,^® who have obtained some remarkable results. 
Their evidence goes to show that ingested fats are not utilised directly for 
energy (oxidation), but are first deposited in the depots and subsequently 
mobilised therefrom. When mice were fed with ethyl (deutero) stearate 
(produced from linseed oil by hydrogenation with deuterium), their body 
fats contained (deutero) unsaturated acids, indicating desaturation of stearic 
to unsaturated acids or glycerides. Also, when the (deiirtero) unsaturated 
acids extracted from these animals were fed as esters to another group of 
mice, (deutero) stearic acid appeared in the body fats of the latter, indicating 
that hydrogenation of ingested fats may take place. In another experiment 
it was shown that ingestion of ethyl (deutero) stearate by mice leads to the 
presence in the depot fats not only of (deutero) stearic and (deutero)- 
unsaturated acids, as mentioned, but also of (deutero)palmitic acid ; this is 
considered to show that stearic acid is converted in the animal into palmitic 
acid. On the other hand, ingestion of esters of (deutero)butyric and 
(deutero) hexanoic acid caused no introduction of deuterium into the depot 
fats. This confirms the previously known fact that the saturated acids of 
lower molecular weight than myristic are not laid down as depot glycerides, 
and in addition the authors conclude that the results prove that the higher 
acids are not formed in the animal by building up from butyric or w-hexanoic 
acid ; in their own words, butyric and w-hexanoic acids are not fat-formers. 
They have also shown that when the body fluids of mice contain a con- 
siderable proportion of heavy water " the depot glycerides also contain 
deuterium in their acyl chains ; the deuterium contents of the stearic and 
palmitic acids present are about the same, and are greater than that of the 
unsaturated acids. Moreover, from this investigation it was found that the 
rate of deposition and removal of depot glycerides was comparatively rapid : 
the half-lifetime of a fatty acid radical in the depots was only 5—9 days. 

The use of this method is, of course, only recent, and it is not yet possible 
to be too certain of the interpretation of the results ; the difficulties and the 
caution neces^xy in interpretation have been emphasised by Schoenheimer 
and by Bonhoeffer. There is still open the possibility that deuterium in an 
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acyl group may be exchanged for ordinary hydrogen in the body, so that 
negative findings of deuterium are indecisive. Positive results, on the 
other hand, have so far been accepted as decisive ; but, since Schoenheimer 
et al.^^ have shown that palmitic acid can acquire deuterium by contact 
with deutero-sulphuric acid, there seems to be uncertainty at present as to 
whether such exchanges might take place as the result of enzyme actions in 
the body. This might of course affect the explanation of the experimental 
findings. 

Digestibility of ingested fats. Glycerides containing a wide variety of 
fatty acids (from butyric to arachidic, or from hexadecenoic and oleic to the 
highly unsaturated C22 acids) seem to be equally readily dealt with by 
animals. So long as the ingested fat is liquid at the temperature of the 
digestive tract, the specific nature of the natural fatty acids present is 
largely immaterial, so far as power of assimilation and utilisation is con- 
cerned. Fats of higher melting point are, however, dealt with with difficulty 
and are frequently excreted unchanged. 

Animals normally excrete a certain proportion of fat, fatty acids (or their 
salts), and in certain diseased conditions the amount may be much increased- 
When a normal healthy animal is fed with fats of high melting point, these 
are however excreted for the most part unchanged. Thus Amschink ^2 
found that the faecal fat of dogs fed on mutton tallow was of higher melting 
point than the normal, that only about 10 -per cent, of tristearin was absorbed 
when this was ingested alone, but that 90 per cent, or more of mixtures of 
tristearin with olive oil could be assimilated. Similarly Levites ^7 states 
that, when administered separately as free fatty acids, 98 per cent, of oleic, 
78 per cent, of palmitic, and only 35 per cent, of stearic acid was absorbed, 
although when given as the separate sodium salts, the amounts absorbed 
were sodium oleate 100, sodium palmitate 90, and sodium stearate 87 per 
cent- 

Wesson,^ Holmes,®^ and Langworthy 100 have determined the digestive 
coefficients of a large number of fats for human beings. Vegetable oils 
and soft fats (e.g. coconut or palm oils, cacao butter), the softer animal fats 
(such as butter, chicken fat, lard, beef suet), and cod liver oils all have 
coefficients of 95 per cent, or over, usually 97—99 per cent. Definitely lower 
coefficients were observed with mutton tallow (88*o per cent.), deer fat, 
m.p. 52—53^ (8 i' 7 per cent.), and oleostearin, m.p. 50—56° (80-1 per cent.). 
The figures quoted by Langworthy for some hydrogenated fats are excep- 
tionally interesting in illustrating the effect of melting point on diges- 
tibility : 
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It is quite clear that digestibility declines only when the fat approaches 
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Ingested fatty acids essential to health. Finally, reference may again 
be made to certain unsaturated fatty acids, especially linoleic acid, which 
appear to be essential to health but which are apparently not S3mthesised 
by, at all events, certain animals. The most clear-cut instance is the 
rat, which develops specific diseased conditions if it is unable to obtain 
linoleic glycerides in its diet (Burr and Burr). 2 » It is also almost certain 
that linoleic glycerides are not synthesised by the pig, which probably only 
deposits these in its depot fats as the result of ingestion from cereal, etc., 
meals ; although no definite evidence yet exists to show that absence 
of linoleic glycerides affects the health of the pig. 

That it is the presence of a certain amount of polyethenoid glycerides 
which is necessary to the health of the rat follows from the work of Tur- 
peinen,!®^ who found that, whilst small doses of methyl arachidonate or 
linoleyl alcohol cured the symptoms of fat-deficiency, methyl or ethyl esters 
of A^*^*^^~^tadecenoic, ricinoleic, erucic, and chaulmoogric acids failed 
to do so. 
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Biochemical Transformations of Fats 

It is beyond the scope of a work dealing with the chemical structure of 
natural fats to consider in any detail the fate of these products as a result of 
their subsequent destruction, either by the normal processes of their utilisa- 
tion in plants or animals (mobilisation), or as a result of the action of enzymes 
or of atmospheric oxygen upon fats after their isolation from tissues (ran- 
cidity). A very brief outline of the chief features of both of these general 
processes may, however, be of service. 

THE MOBILISATION OF RESERVE FATS 

(a) Plants (Seels) 

Fat stored in the endosperm or embryo of a seed serves as part of the 
nutriment of the germinated plant, at all events until leaf (and chlorophyll) 
production permits the normal photosynthetic processes to operate in the 
seedling. Observations in this field indicate, on the whole, that changes 
which approximate to a reversal of the sequence of those which take place in 
the ripening seed occur during, or rather after, germination. As in the 
case of seed fat synthesis, much of the work on seed fat utilisation by the 
germinating seed is due to Ivanow.^^^^ It was known previously, however, 
that the seed fat does not disappear very rapidly in the first stages of germina- 
tion ; during the initial development of the root and the succeeding growth 
of the cotyledons beneath, and until they reach, the surface of the soil, there 
is relatively little loss of fat from the seed.^o^ As soon as the cotyledons 
are fully expanded and chlorophyll has commenced to appear, fat dis- 
appears rapidly and at the same time the carbohydrate content of the 
seedling increases ; this is illustrated by Ivanow's data for linseed, poppy 
seed, and hemp seed on germination : 

In Original In Seedlings (after Germination) 
Seed 4 Days Old 8 Days Old 

Per Cent. Per Cent. Per Cent. 

Linseed Fat 33*6 26-4 16-0 

Carbohydrate 4-5 6-7 17-6 

Poppy SMd Fat 47-0 38-5 36-3 

Carbohydrate 1-2 6-8 17-4 

Hampseed Fat 31-3 17-8 11-3 

i^arbohydrate 2-8 7-9 10-2 

Changes in imsaturation and free fatty acid content of the fat in the 
germinating seeds are, again, exactly the converse of those noticed during 
seed fat development {cf, pp. 266—268). In his studies on germinating 
linseed and poppy seed, Ivanow found that the fat content and iodine value 
of the fat cdiang^ as follows : 

Linseed Poppy Seed 

Fat Content Iodine Value Fat Content Iodine Value 
Per. Gent. Per Cent. 

In ongiiial seed 33-6 173-4 47*0 140-2 

In seedling, 8 days old 16-0 93-4 36-3 71-6 
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The unsaturation thus falls with great rapidity so soon as the reserve fat 
in the seed commences to be used. At the same time, as du Sablon and 
others showed many years ago, the fat is steadily resolved into free fatty 
acids as soon as the cotyledons commence active growth ; this is, of course, 
attributable to the intervention of lipolytic enzymes which are always present 
in seeds. 

Miller made an extensive series of observations on the germinating 
seed of the sunflower, in the course of which he paid attention to the acetyl 
values of the ether-soluble extracts of the cotyledons and of the root ; 
compared with that of the seed fat, the former had decreased slightly, but 
the latter showed a considerable increase. Miller concluded that the intro- 
duction of hydroxyl groups into the acyl chain (hydroxylation at ethenoid 
bonds) was an integral phase in the conversion of fatty acids into their 
degradation products in the seed ; Ivanow,io2 on the other hand, ascribed 
the rapid fall in iodine value to the relatively more rapid disappearance of 
the more highly unsaturated acids. 

There is clearly scope for much further investigation of the immediate 
transformation products of the seed fatty acids and, as Leathes and Raper 
have remarked, the water-soluble (and other) acids which seem to represent 
intermediate stages between fatty acids and sugars would almost certainly 
well repay further and more detailed examination. 

{b) The Mobilisation of Animal Reserve Fats 

Animals require fat as a source of energy or heat (i.e. by means of oxida- 
tion, ultimately, to carbon dioxide and water) and they also require a certain 
minimum of fatty compounds * in the various organs of the body (termed 
the element constant by Terroine below which life cannot be main- 
tained. Briefly, it may be said that the fat of an animal present in excess of 
this minimal amount (Terroine 's ‘'Element variable”) is either utilised 
directly for oxidation and production of energy, or is excreted as such or 
after metabolic change, or is laid down as reserve fat in adipose tissues. 
There is, therefore, to a considerable extent, a condition of equilibrium as 
regards the fat present in an animal, the adipose tissues acting as reservoirs 
which are capable of storing up fat when the fat intake and fat synthesis in 
the animal produces quantities in excess of that required for energy produc- 
tion, and which, conversely, are able to supply fat for oxidation when the 
animal is not producing it or assimilating it in sufficient amount from the 
food. 

Oxidation or other transportation processes of fats are unlikely to occur 
in the adipose tissue, and the first stage in the mobilisation ” of reserve 
fat is probably its release into the blood stream by the operation, in the 
reverse order, of the steps by which it was dep>osited therefrom in the adipose 
tissues (cf. this chapter, pp. 277, ago). The released reserve fats then pass 
to various parts of the body (especially muscular tissues) in which they 
und^:go deep-seated changes and yield up their stored energy. 

The oxidative d^radation of fatty acid chains in the animal organism 
has been the object of much investigation. The classical work of 
von Knoop and of JDakin on the “ j8-oxidation ” of compounds such 

* Mpch of the fatty material composing the “ 616ment constant ” may well 
be pAcsphatide (phospholipin) and not glyceride. 
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are frequently introduced into the fats from the wood of the casks in which 
they are stored. At moderately warm (summer) temperatures and in 
presence of traces of moisture and in absence of light the oxidising enzymes 
present attack the saturated fatty acids (those of intermediate (Cg— 
molecular weight with especial readiness) and convert them into methyl- 
ketones by the )S-oxidation process : 

R.CH2.CH«,.C00H->R.CH(0H).CH2.C00H-^R.C0.CH2.C00H 

-^^R.CO.CHg. 

By this means lauric, capric, and caprylic acids yield respectively methyl- 
/j.-undecyl, methyl-/t-nonyl, and methyl- 7 i-heptyl ketones, all of which possess 
strongly marked, heavy “ perfume odours which have caused this type of 
rancidity to be termed '' j>erfume rancidity ” by technologists. 

(b) Oxidation of unsaturated glycerides. This is probably the most 
common form of rancidity and is that which is usually meant when references 
are made to the rancid flavour of an edible fat. The first products of 
oxidation of unsaturated fats exposed to air consist of more or less labile 
peroxides, which are capable of liberating iodine from a solution of hydrogen 
iodide in glacial acetic acid. These peroxides alter further into keto- 
hydroxylic derivatives of the general type — CH 2 .CH(OH).CO.CH 2 — , which 
may either polymerise or, to a subordinate extent, undergo disruption with 
the formation of aldehydic compounds ; for example : 

CH3.[CH2]7.CH:CH.[CH2]7.C00R ^ CHs-ECHglz-CH— CH.ECH2l7.COOR ^ 
CH3.[CH2]7.CH(0H).C0.[CH2]7.C00R -> CH 3 .CCH 2 l 7 .CHO + CHO* 
[CH 217 .COOR. 

The older chemical tests for rancidity were directed to the detection of 
these ultimate aldehydic products ; for example, Issoglio shakes the fat 
with distilled water and determines the amount of potassium permanganate 
required to oxidise the water-soluble aldehydes, and Kreis shakes a 
dilute ethereal solution of phloroglucinol with the fat in presence of hydro- 
chloric acid, the intensity of the pink colour produced being a measure of the 
amount of aldehydes present, and thus of the degree of rancidity of the fat. 

Some of the more recent methods are better adapted to show the capacity 
of a particular sample of fat to develop rancidity. Different fats (even of the 
same kind, e.g. tallows or lards) possess widely varying powers of resistance 
to attack by atmospheric oxygen, and it is clearly more important, from a 
practical standpoint, to know how quickly an edible fat will develop ran- 
cidity than to determine how far it may eventually have become rancid. 

Quantitative measurements of the iodine liberated from solutions of 
hydrc^en iodide in acetic acid by the " peroxide oxygen of a fat have been 
devised by Taffel and Revis and by Lea as a guide to the incipient 
rancidity of various fats. Lea has also pointed out that, while fats 
remain but little attacked by oxygen for different periods and then proceed 
to t^e up oxygen relatively rapidly, the initial induction period '' of 
relative stability to oxygen can be much shortened by exposure to light ; 
further, that by exposing fats to light under standardised conditions the 
diminution of the induction period is proportional for different samples of 



fat, so that by this means fairly accurate forecasts can^^rkade of the time 
during which a fat will remain in good condition under m^^riJlh^^^tions of 
storage. It has been knowm for some time that oxidati\’^fei^^ 5 i 5 vrii^^ 
is accelerated by exposure to light, and Greenbank and Holm 
cottonseed oil is most sensitive to orange light of wave-length 6,100-6,650 
m/x. 

Highly refined fats or distilled fatty acids and esters commence to absorb 
atmospheric oxygen almost immediately on exposure thereto, whereas 
natural fats may, and frequently do, exhibit an " induction period of 
var3dng duration before combination with atmospheric oxygen commences 
to set in to a measurable extent. It is, indeed, known that resistance to 
atmospheric oxidation is conferred upon natural fats by the presence therein 
of small amounts of non-fatty compounds (the precise chemical nature of 
which is still not well recognised) which prevent oxidation of unsaturated 
glycerides until they themselves have first been destroyed. Such compounds 
were termed '' antioxygens by Moureu and co-workers, who showed 
that the addition of minute quantities of compounds such as hydroquinone 
or naphthol to fats also rendered them resistant to oxidative rancidity. 

In addition to the protective action of these natural antioxygenic 
compounds which are frequently encountered in natural fats, it is also 
known that the presence of excess of moisture , in fats retards oxidative 
rancidity, whilst it has also been stated that the presence of free fatty acidity 
conduces to the onset of oxidation. In most respects, however, it should be 
clear from what has been said that hydrolytic and oxidative rancidity are 
different effects resulting from different causes and, while both may be 
encoimtered in the same fat, it does not necessarily foUow that the develop- 
ment of free fatty acid is by any means always accompanied by oxidation, or 
conversely. 
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CHAPTER IX 


CONSTITUTION OF INDIVIDUAL NATURAL FATTY ACIDS 

This chapter and the next deal with the constitution and significant pro- 
perties of the individual fatty acids or alcohols Which are the more important 
acyl units from which the natural triglycerides, phosphatides, or wax esters 
are elaborated. 

The present chapter is devoted to the naturally occurring saturated and 
unsaturated fatty acids. Chapter X includes, firstly, a short section devoted 
to the s3nithesis of mixed triglycerides of known configuration — the aspect 
of synthesised triglycerides which is of growing importance in ascertaining 
the configuration of the corresponding natural products ; and, subsequently, 
sections dealing with the naturally occurring higher aliphatic alcohols 
(saturated and unsaturated), and the higher acyl glycerol ethers. 

NATURALLY OCCURRING SATURATED FATTY ACIDS 

The constitution of the normal saturated aliphatic acids up to and 
including ^-hexacosanoic acid, C26H52O2, has been formally established 
either by synthesis or by degradation to an acid or alcohol of known struc- 
ture. The lower members of the series (up to w-heptanoic acid) were 
synthesised at various times by means of the Frankland-Koibe Sequence of 
reactions : 

R.OH R.Cl -> R.CN R.COOH.i 

From n-heptanoic acid to n-octadecanoic acid the prOdf of the straight- 
chain structure rested in most cases on the degradation of a higher to a lower 
acid by the Hofmann 2 sequence of reactions : 

RXH2.COOH R.CHg.CONHs -> K.CH2.NH2 R.CN R.COOM ; 

and also by oxidising the methyl alkyl ketones (prepared from a mixture of 
the calcium salt of a higher fatty acid and calcium acetate) with chromic 
acid, when the following changes occur : 

R.CH2XOOH RXHg.COCHs -> RXOOH. 

Ry the use of One or both of these processes Krafft ® and other workers 
at difierent times demonstrated the conversion of stearic acid into hepta- 
decanoic acid and the latter into palmitic acid, and so on, progressively 
down the series t o ^-noiia noic_( pelaigomc) ^he latter acid was in the 

meantime piepajx 3 ~^ntiStlSiy byJoSfeLi^ from w-heptyl alcohol. 

Thus, many yemrs ago, the Structure of the normal saturated fatty acids 
tip to and mciuding ft-n<majioic acid, was established synthetically, 

whilst that of eaA of the higifer members from «-<lecanoic acid to n-octa- 
decanoic (stearic add) Mfe^Wed from the stepwise degradation of the latter 
add, lodng.one carbon atom at a time, and eventually reaching H-nonaitoic 
add. The dmilar prcxif of the constitution of each of the acids from ^-octa- 
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decanoic acid to ^-hexacosanoic acid was given in 1924 by Levene and 
Taylor. 5 These workers prepared w-octadecanoic acid by hydrogenation 
of oleic acid {cf, below) and proceeded to build up the higher acids as far 
as w-docosanoic acid by means of the sequence 

R.COOEt R.CH2OH R.CH2I ^ R.CH2CN R.CH2.COOH ; 

the reduction of the esters to corresponding higher aliphatic alcohols was 
effected by the method of Bouveault and Blanc. « Hydrogenation of 
erucic acid {cf. below) furnished behenic acid identical with the synthetic 
;£-docosanoic acid, and this material was the starting point for the simHar 
synthesis of the acids up to and including w-hexacosanoic acid. 

Some of the foregoing syntheses of lower saturated acids were con- 
firmed subsequently by others involving an aldol condensation. Thus, 
condensation of acetaldehyde yields crotonaldehyde, CHs.CHiCH.CHO, 
which is converted by hydrogenation into ^-butylaldehyde, CH3.CH2- 
CH2-CHO, and this yields ?/-butyric acid on oxidation. ^^-Hexanoic acid 
can be produced by a similar sequence of reactions commencing with the 
condensation of ti-butylaldehyde with acetaldehyde. Similar syntheses of 
the higher saturated acids were carried out in 1936 by reduction of higher 
polyene aldehydes produced by repeated condensation of crotonaldehyde ; 
and it was not until this date that direct, complete syntheses of the most 
abundant natural higher members, such as palmitic and stearic acids, were 
achieved. Kuhn, Grundmann, and Trischmann ^ showed that crotonalde- 
hyde solutions, in presence of weak salts such as piperidine acetate, undergo 
polymerisation into octatrienal, CH3.[CH:CH]3.CHO, dodecapentaenal, 
CH3.[CH:CH]5.CH0, and hexadecaheptaenal, CH3.[CH:CH]7.CHO. Reduc- 
tion of the latter Ci© polyene aldehyde gave cetyl alcohol, whilst hydro- 
genation of its condensation product with malonic acid, followed by dis- 
tillation, yielded stearic acid. F. G. Fischer, Hultzsch, and Flaig ® also 
obtained octatrienal and dodecapentaenal by a similar process, and con- 
verted the latter into lauraldehyde by reduction, and also, by condensation 
with malonic acid, into tetradecahexaenoic acid, CH3.[CH:CH]o.COOH-* 
In his Pi dler lecture ^ to the Chemical Society, R. Kuhn has discussed 
these interesting syntheses, with special reference to the part which similar 
reactions may play in the elaboration of the higher fatty acids in nature ; 
he points out that, if polyene aldehyde formation is an integral part of the 
process, reduction of these substances must set in at an early stage, because 
no sign of their presence has been observed in, for example, ripening seeds. 

The melting points of the saturated fatty acids alternate according as 
the molecule contains an even or odd number of carbon atoms ; the melting 
of the two series lie on two smooth curves which gradually approach 
one another with increasing molecular weight. Similar reg^arities hold in 
the case of the methyl and ethyl esters of the fatty acids- Owing to the 
marked tendency of closely related members in the higher fatty acid series 
to form »Iid elutions or molecular compounds, great care has to be taken 
in the inteEpretatioii of the observed melting point of any specimen- Thus, 
it may happen that a specimen of a fatty acid possesses an apparent melting 
point practically idoitical with that of an individual acid, and may never- 
thel^s be a mixture two or even three fatty acids. For acids of molecular 
weight up to and including palmitic, or perhaps stearic, acid the behaviour 
on admixture of the specimen with a known fatty acid usually affords some 
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indication as to its individuality : no depression in melting point is obtained 
when the specimen under examination is identical vidth the individual acid 
with which it is mixed, whilst, if the specimen is a mixture of two acids, 
admixture with a third individual acid usually depresses the melting point, 
and admixture with a specimen of the component acid of higher melting 
point as a rule, but not invariably, raises the observed melting point. These 
rules are, however, by no means generally observed, and the identification 
of a saturated fatty acid by means of melting point and mixed melting point 
determinations is a matter of some difficulty. Indeed, with the higher acids 
no reliance can be placed on observations of melting point. Thus whilst 
w~eicosanoic acid, C20H40O2, melts at 75*4® and w-docosanoic acid, C22H44O2, 
at 80*0“^, Francis, Piper, and Malkin 10 have shown that certain mixtures of 
the following acids all melt between the limits 74*9° and 75-2° : 

C^Q-f-Csi, C2i-i~C^22» Q22‘i"C23, and C22HhC23-f-C24- 

Considerable attention has been given in the past few years to the study 
of the X-ray spectra of solid crystals of the higher saturated fatty acids, and 
it appears that characteristic X-ray spacings are readily obtained in the case 
of individual acids. The earlier work on this subject w^as due to Miiiler 
and Shearer and it has been developed by Piper, Malkin, and Austin 12 
and by Morgan and Holmes.^^ Some of this work is further referred to 
below in connection with difficulties formerly encountered in assigning 
chennical structures to natural arachidic and lignoceric acids ; although at 
one time the evidence was considered to point to the presence of branch- 
chain acids in certain cases, the work of Francis, Piper, and Malkin led 
to the conclusion that the arachidic, lignoceric, cerotic, and montanic acids 
w^hich they examined from various natural sources w'ere mixtures of fi-fatty 
acids and that fso-acids were not present. They also emphasised, as a 
result of examination both of pure acids and of a large number of artificial 
mixtures of the latter, that a normal fatty acid cannot be considered pure 
unless it has the correct melting point and correct acid value and gives both 
of two characteristic X-ray spacings. 

Chibnall, Piper et subsequently made a comprehensive investigation 
of the melting points and X-ray spectrographic data of the alcohols and 
acids present in a large number of plant and insect waxes. With the aid of 
the corresponding data for synthetic normal alcohols (and their acetates) and 
acids (and their ethyl esters) containing from 26 to 36 carbon atoms in the 
molecule, these workers showed that the natural substances known as ceryl 
alcohol, cerotic acid, melissyi alcohol, melissic acid, etc., etc., are invariably 
mixtures of several homologu^-* They suggest that names of this kind 
should be deleted from the literature in so far as they imply a definite 
molecular species, and that actual compounds (e.g. ff-C26H53(OH) or 
ff-CssHfti.COOH) should only be denoted by their systematic names, e.g. 
f»-hexacosanyl alcohol or ^-hexacosanoic acid. The adoption of this sweeping 
recommendation would certainly efect a helpful clarification in the literature 
of this part of the subject- 

It may be pointed out that, in practice, the need for the employment of 

* The wax acids^ of h%h molecular weight, like the glyceride fatty 

acids somewhat lower in the sraries, are oonfined to members which contain an 
even number of carbon atr«ns in the molecnle- 
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X-ray methods of analysis in addition to the ordinary determination of 
melting point is confined to the comparatively small number of cases in 
which natural saturated acids containing 20 or more than 20 carbon atoms 
in the molecule are concerned. 

Table 98 gives a summary of the chief properties of the saturated acids 
encountered in natural fats, together with the X-ray spacings of some of 
the higher members. 


TABLE 98. SATURATED FATTY ACIDS 


Systematic Name 

Common 


Formula 

Aero 

X- 

RAY 


Name 




/ 

-.A ■ ^ 

Spectra 






M.P. 

B.P. 

SJ»ACINGS 








B 

c 

;i-Butanoic 

Butyric 

CH3ICH2L.CO2H 

__go 

163^ 



3 -Methyl-butan- 1 - 

/ru- Valeric 

(CHsla.CH.CHa.COaH 

~5r 

174° 



oic 

«-Hexanoic 

Caproic 

CH3.I 

CHal 

4.CO2H 

— 1-5° 

205° 



/*-Octanoic 

Caprylic 

CH3.! 

[CHJ 

3.CO2H 

-f 16° 

237° 



;i-E>ecanoic 

Capric 

CH3-) 

[CH3] 

la-CO^H 

31-3° 

269° 



/j-Dodecanoic 

Laurie 

CH3-! 

[CHd 


43-5° 

10271 mrii. 



;f-Tetradecanoic 

Myristic 

CH3.I 

[CHa] 

lia.COgH 

54-4° 

12271 mm. 


31-6 

/i-Hexadecanoic 

Palmitic 

CH3.! 

[CHa] 

[ 14 .C 03 H 

62-9° 

139°/1 mm. 39-1 

35-6 

/i-Octadecanoic 

Stearic 

CH3.I 

[CHJ 

le.COsH 

69-6° 

160°/1 mfU- 

43-8 

39-8 

«-Eicosanoic 

Arachidic 

CH3.! 

[CHs] 

1 g.CO^H 

75-4° 

205 °/l mm. 

48-5 

44-2 

/*-Docosanoic 

Behenic 

CH3.I 

[CHa] 

aa.CO;H 

80 0 ° 


53-0 

48-3 

w-Tet racosan oic 

“ Lig- 

CH 3 .i 

[CH,i 

as.COaH 

84-2° 


57^8 

52-6 


noceric ” 








7 i-Hexacosanoic 

“ Cerotic ’* 




87-7° 


62-2 

56-3 




Methyl Ester 

ETHVt Ester AMide 

ANItfDE 



M.P. 

B.P. 

M.F. 

B.F. M.P. 

M.P. 

n-Butyric 

C 4 HSO 2 


102 ° 

— 

120 ° 116° 

90° 

ijc>-Valeric 

EgHi ©O 3 




135° 

115* 

/i-Caproic 

C 3 HX 3 O 3 


150° 


167° 100° 

95* 

n-Caprylic 

C=.H,.0 

—40^ 

194° 

__ 47 ® 

208 ^ 


ja-Capric 


— 18° 

224° 


245° 108° 


#i-Lam-ic 

a 

-f5° 

87°/l nun. 

- 10 ° 

269° 110° 


n-Myristic 

LxAHsgOa 

19° 

11I7I mm.-HlU 

295° 102* 


«-Falmitic 


29° 

130°/1 mrti. 

25° 

I43°/3 him. 107° 

90-5° 

j^-Slcaric 

CisHatfOa 

38° 

15471 mm. 

31° 

I52°/0-2mm. 109° 

93-5° 

^Arachidic 

Cs®El 4®02 

45^ 

18071 mm. 

41° 

177°/0-3mm. 108* 

96° 


^*33114402 



48° 

i85°/0-2mm. Ill* 

102 * 

Lig- 

Ca^ilaaUs 

58° 

— 

54°' 

199°/0-3 mm. 


nooaric ” 







Cerotic '' 

UgsHgsOg 

63° 


60° 

109° 

— 


Some notes may he added with reference to the individual saturated acidg. 

M-Butyric mcid. — ^Although butyric acid is a tiatural product of the fermettta- 
ii<m of gluc^^ and other carbohydrates when these are acted upon by specific 
euLzyfiiiTO, its occurrence as a component of fats is confined to the milk fats of the 
raamiaalia in which it is fnecjuently present^ although not in great amount. With 
caproic arid capiic acids {cf. below) it was first reported as a component of butter 
fat by ChevreuL^ 

is a Striking 'e^ECeptiOit td the geuerM rules that the natural 
fatty acidte ©ontein Un even nnrtiber; and also an Unbranched chain, of o^arbon 
atoms in the molecule. Its occurrence, however, is restricted td* the fatty oils 
of the dolphin and porpoise and possibly other members of the family Del- 
phimdae of the marine mamm alia. ; it has beeri reported td forrn. as much as 
60 per cent, of the mixed fatty acids of the head or jaw oils of the dolphin, in which 
it was first ditolVer©dv|jy ChevreUl ^ in iSiy. 'ChevreuI termed the adid pho- 
cenic acid ** b«t it ■pr'aS Idter shown that this aCM was apparently the sartie aS 
valeric acid, although at different tinies there hdS Sdfne uncertainty aS td 
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wlietLer the natural acid of dolphin or porpoise oil was the n- or the fso-form of 
thi^ acid. It has also been suggested, at diferent tiroes, that the acid was an 
eqniiyiolecnlar mixture of butyric and caproic acids, but the comparatively 
recent work of Klein and Stigol on Black Sea dolphin oil and of Gill and 
Tucker on porpc^e jaw oil (Cape Hatteras) has established clearly that the 
compound present is isovalepc acid. The fact that the carbon skeleton of this 
acid is the same as that of isoprene may, of course, be purely coincidence ; or, 
on the other hstnd, it may be an indication that this acid is derived from a 
precursor belonging to the terpene series. 

n^C^prois, {n-h^xe^noic) acid accompanies butyric acid in milk fats, and also 
occurs in very minute quantities in coconut fat and probably al^ in other seed 
fats of the Palmae. 

n-Caprylic {n-oftanoic) acid also occurs in milk fats in very small quantities 
and, to a larger extent (usually 6-8 per cent, of the mixed fatty acids) in coco- 
nut and other kernel fats of the palm family. Its occurrence, except perhaps 
as a product of oxidation or other decomposition, in natural fats appears to be 
confined to the milk fats and the seed fats of the Palmae. 

ji~Capvic (n-decanoic) acid almost always accompanies caprylic acid in the 
two groups of natural fats in which the latter occurs, and is usually found in 
amounts of about the same resp^tive order as the latter acid. In addition it 
has been observed in small quantities (ca. 3-5 per cent.) in the mixed fatty acids 
of the head oil of the sperm whale,®® and in quantity in the seed fats of the elm^^ 
and a few other plants. 

Laurie (n-do^canoic) acid was apparently first discovered in 1842 by 
j^larsson ®® in the fat of laurel kernels {JLauru^ nobilis) ; subsequently it was 
reported In ^coconut o il by Odrgey.®® It takes its name from the Xn-uraceae or 
laurel family in which it was first observed, and in the seed fats of this family it 
sometimes fmrms a very large proportion of the mixed fatty acids, whilst it is 
also the most prominent acid in the seed fats of the Palmae (usually forming 
45~5<^ per cent, of the component fatty acids). It is occasionally found as a 
major or minor component of the seed fats of some other tropical plant families. 
In the animal kingdom it occurs in small amounts (usually about 4—8 per cent.) 
in butter and ether milk fats, but only rarely as a component of depot fats (in a 
few aquatic animals). 

Myrisiic iyi-tetrcLdecanoid) acid was first isolated in 1841 by Playfair who 
found that it was an important constituent of nutmeg butter, the seed fat of 
Myristica fragratts. Later it appeared that the acid is present in very large 
proportions (freqiu^tly 73 per cent, or more) the mixed fatty acids of other 
members of the ^^vristicaceae, but it doearniot seem to be the mc^t prominent 
component of apyllther natural fat so far investigated, with the pc^sible excep- 
tiem ojf certain species of Xrtringia tSimarubaceae). At the same time, it is 
found in some quantity in a number of other seed fats, especially in those of the 
Palmae (where it usually forms about 20 per cent, of the mixed fatty acids). 
On the other hand, there are very few Jsattmal fats, vegetable or animal (including 
marine animal), in which it is not present, although usually in amounts of the 
order of per cent, of the total fatty adds ; in milk fats the proportion is 
usually about 8^jo per cent, of the mix^ fatty acids, and in the head oil of the 
sperm whale about $4 per cent. It is thus a widely distributed component of 
natural fats, b«t a major component in only a few biological families. 

I^aimi0ic (n~kcxadccamoic) mdd is the characteristic saturated fatty acid of natural 
fats, sihce it has" b^n repeated in practically every instance so far encountered. 
It was doubtle^ obta^ed by ChevreuI in his ^searches on butters smd tallows, 
but was first definitely eharactois«| br Fremy,^ who prepared it in the pure 
state in 1840' ffTcma pahn 'oH, fiwn which bs named it. In many fats it is only a 
mincy -omnpement may fmm as htffe as 2—3 per cent, of the component fatty 
adds ; in oth^ the amount is somewhat ia'rger and frequently amounts to 

about io M whol# whilst, agaLn, ti^e are well defined groups of 

y^etable and animal fiths m wMch imimitic mcM is d^nitely a major component. 
Apaoni^t the 'imay fee a number of seed fats, of w'hich cottonse^ 

oil and the feotanically related kapok seed oil are typical ; in these, pfdmitm 
fom» about '2o |»r pmL oi <he mixed fatty a«Ms. Again, the important 
fat Miams gmmmcmsis, palm ml, <x>ntains from 35 to 40 5^ cent, of its 
ffMtty fwads m the form efi palmitic acid, wMlst the proportion is even higbrr 
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{60—70 per ceat.) ia the case of another fruit^flesh fat, Chinese vegetable or 
Stiliingia tallow. As a rule, palmitic acid also forms about 25 per cent, of the 
mixed fatty acids of butter fats and somewhat more (about 30 per cent.) of those 
of the reserve or body fats of domestic animals such as cattle, sheep, and pigs. 
Important natural fats in which palmitic acid amounts to about 10 per cent, of the 
total fatty acids include olive, groundnut, soya bean, and maize oils, and also 
most of the fish and whale oils. 

Stearic {n-octadecanoic) acid was described about 1820 by Chevreul 1® in the 
course of his researches on fats and, as is well known, it is a prominent component 
of most body fats of domestic and other animals ; the amount varies under 
different conditions but as a rule it forms from 10 to 30 per cent, of the mixed 
fatty acids of such materials as lard or tallows. In milk fats the amount is 
somewhat smaller and may Ke betw-een about 5 and 15 per cent. Although 
stearic acid is thus a familiar component of many common animal fats, and 
although it is present, like myristic acid, in small amounts in a fairly large number 
of other natural fats, it is by no means so universally distributed as palmitic 
acid. In the vegetable kingdom it only forms a very small percentage of the 
mix€Ki fatty acids of any fruit-flesh fat and does not occur in quantity in seed 
fats except in those of a few tropical families (notably Guttiferae, Sapotaceae, 
r>ipterQcarpaceGe, and Sterculiaceae) ; the most familiar examples of seed fats 
in which stearic acid is combined in quantity are cacao butter, Borneo tallow, 
and shea butter. In the marine oils it is only present in very small quantities, 
var^’-ing from a trace to about i per cent, of the total fatty acids. 

Margaric ** and daturic ” acids . — It may be recalled here that ^-hepta- 
decanoic acid, C17H34O2 margaric acid was believ^ed formerly to be present 
in some quantity in tallows, goose fat, etc., but that this was shown by Hei- 
duschka and Steinmck and by Bdmer and Merten to consist of an eqni- 
molecular mixture of palmitic and stearic acids. In the meantime, however, 
Meyer and Beer had reported that an acid of the formula CiyH3403 was present 
in the saturated acids of datura oil, and gave it the name ** daturic acid ; but 
Verkade and Coops have shown that this again is simply a mixture of palmitic 
and stearic acids. Again, a suggestion that margaric '' or -jz-heptadecanoic 
acid occurs in alfalfa {Medicago saiiva) seed fat has been shown by Schuette and 
Vogel to be without foundation, a mixture of palmitic and stearic acids only 
being concerned. 

Similarly, a M-pentadecanoic acid, formerly reported as a com- 

ponent of yeast fat, is probably a mixture of two or more acids. 

Arackidic {n-eicosanoic) acdd is somewhat widely distributed, but usually 
only in small traces, in many seed fats and some animal fats. It occurs in 
appreciable quantities in a few Leguminous seed fats such as groundnut oil 
(where it forms only about 3 per cent, of the total fatty acids) and in the seeds 
of members of the family Sapindacese in which it frequently forms over 20 per 
cent, of the mixed fatty acids. 

Conaderable uncertainty has been felt as to whether the arachidic acid of 
groundnut oil was in reality w-eicosanoic acid, owing to the fact that the melting 
point of the acid isolated from this oil (74—75° C.) was lower than that of the 
synthetic straight-chain product. For this reason Ehrenstein and Stuewer 
suggested that arachidic acid of groundnut oil contained a branched chain of 
unknown constitution. The examination by X-ray methods of the acid by 
Morgan and Holmes also suggested that there was some abnormality about 
this acid, font, on the other hand, these workers found that arachidic acid pre- 
pare! by hydrogenation of unsaturated acids isolated from whale oil gave 
the normal X-ray structure for ts-eicosanoic acid, and also that the acid 
pre^nt in rambutan tallow (Sapindaceae) to the esdent of 23 per cent, is «-eico- 
sanoic acid.** To these may be added the observation of Malkin ** that the 
arachidic acid present to the extent of 20 per cent.®^ in knsum oil (from the same 
botanical famfly) is cl^Muiy shown by X-ray anal5rsis to be ^-eicosanoic acid. 
Moreover, by means of a specially designed apparatus for fractional distillation 
in a Mgh vacuum, Jautzen and Tiedcke *• succeeded in fractionating a large 
quantity of the methyl esters of the high molecular weight acids from arachis 
oil and obtained definite evidence from the melting point of the separated methyl 
esters and direct csompar^on of the ccmresponding acids with the synthetic acids 
that methvl ff-eicosanoate (m.p. 44-4— 44-7*^), methyl u-docosanoate (m.p. 
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52-4-52*6°), and methyl «-tetracosaaoate (m.p. 57'8-58*o°) were present. Thus, 
»-arachidic, ^i-hehenic, and «-lignoceric acids are all present in small quantities 
in the glycerides of groundnut oil and the uncertainty^ as to their identification 
was probably caused by the difficulty of separating the individual acids. 

Behenic {n-docosaTioic) acid was first reported as a constituent of behen oil 
(the seed fat of J^qringa gleifera^ by Voelcker in 1848.®^ It is possibly present 
in very small pro|x>rtions in a" number of seed fats, for example, in groundnut 
oil {cf^ above) and in rape and perhaps some other Cruciferous seed oils. In 
none of these instances does it form more than about i per cent, of the mixed 
fatty acids of a seed fat ; and it does not seem to occur in the animal kingdom, 
although the marine animal oils contain large quantities of unsaturated acids 
with the same skeleton of 22 carbon atoms in the molecule. Erucic acid, the 
characteristic mono-ethylenic acid of the Cruciferae, is also related structurally 
to behenic acid, and any of these unsaturated acids or their esters or glycerides 
are readily converted by hydrogenation into behenic acid or its corresponding 
derivatives. 

JLignoceric {n-teiracosanoic) acid is widely distributed in many seed fats but 
as a rule only to the extent of comparatively small traces. It also occurs in 
beech wood tar and in brown coal tar and is also found in the animal kingdom, 
usually as a component of phosphatides. It appears in somewhat greater pro- 
portions in a few seed fats, notably groundnut oil and some other Leguminous 
seed oils ; in one of these, that of Adenanthera pavonina (belonging to the sub- 
Jfampy Mimosoi da e), the amount of lignoceric acid is exceptionally large, namely. 
"25 per cent, of the component fatty acids. 

Much the same discussion has ranged over the constitution of natural lig- 
noceric acid as over that of arachidic acid ; so far as the natural fats are con- 
cerned, it seems likely, as in the case of arachidic acid, that the natural lignoceric 
acid is tt-tetracosanoic acid. 

Ceroiic acid** has long been recognised as a constituent of beeswax 
and of other plant and animal waxes ; it is, in fact, the characteri.stic “ acid 
of many plant waxes. Since its occurrence is for the most part confined to the 
waxes rather than to the fats it need not be considered in detail here ; but it 
should also be noted that it has been found in traces in some vegetable fats. 
Very possibly, even here, it originates from wax esters rather than from true 
glycerides. As already mentioned, ** cerotic acid '' of waxes is now recognised 
to be a mixture of several M-aliphatic acids of the even-numbered series, and is 
not solely ^*-hexacosanoic acid. 

Other Natural Saturated Fatty Acids 

Although the saturated acids present in natural glycerides belong (with the 
solitary exception of isovaleric acid) to the normal aliphatic series of acids con- 
taining an even number of carbon atoms, there are certain other groups of 
lipoids in which other saturated acids are also present. The chief of these appear 
to be as follows : 

Waxes of certain bacilli, — ^The waxes present in tuberculc^is and leprosy bacilli 
have been shown by Anderson and his collaborators to contain, in addition to 
(usually minor) amounts of palmitic, stearic or oleic acids, a number of saturated 
acids with branched chains. Tuberculostearic acid, for example, was 

isolated by Anderson and Chargaff ** from tubercle wax, and was later proved 
by Spielman ** to be lo-methylstearic acid. Similarly, phthioic acid, CaeHs^Oa, 
is a polymethy^ted, branched-chain fatty acid.^^ Other branched -chain acids 
appear to have formulae and C2gH440g. The branched-chain or 

methyl-i^-aliphatic acids melt considerably lower than straight-chain acids of the 
same carbon content. 

Wool wax'. — Sheep^s wool cxmtains greasy matter which consists for the most 
part of i^ter-wax^ m which the alcohols are a mixtiire of sterols (cholesterol, 
isocholesterol, lanc^terol) . The adds with which the latter are combined do not 
belong to the ordinary nannai aliphatic series, but are mainly saturat^, wi^ 
melting pcunts lower than ‘Si the corresponding adds of the n-aliphatic 

series. Ilarmstadter and Lifechfitz ot^erved small amounts of hydroxy lated 
or lactonlc '** adds or and 

Ga»Haft04 or 03*11*404) and large proportions of a saturated acid or 
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C 57X15404, m-p. 72-73'=). Abraham and Hilditch supported these earlier 
observations, and also found evidence of the presence of other acids of the for^ 
mulse CigHg^Oa and C20H4OO2 ,* they consider that the wool wax acids may be 
structurally related to or derived from the sterols with which they are combined 
as esters. On the other hand, Kuwata and Ishii also state that wool wax 
acids are not normal saturated fatty acids, hut report the presence of lano- 
ni>mstic^’ acid, Ci^HagOs, m.p. 58 * 5 - 59 * 5 °» “ lanopalmitic acid, CieHsaO^, 
m,p. 44‘5— 46°, and of traces of ** lanostearic ” and “ lanoarachidic " acids, m.p. 

and 57-58°. The chief components are, evidently, members of a series 
either of cyclic or of branched-chain acids, of which an acid probably containing 
26 (? 25 or 27) carbon atoms is the most abundant. 

Saiuraied rv-dicarhoxyl%Q acids , — The saturated normal dicarboxylic acids 
CsiHiaCCOaH)^, etc., present in small quantities in the fruit-coat fat (“ Japan 
wax of Rhus species, have already been discussed in Chapter IV (p. 12 1). 

NATURALLY OCCURRING UNSATURATED FATTY ACIDS 

It seems desirable to arrange this important group in a sequence which 
does not strictly foUow the systematic classification with whigh every student 
of formal organic chemistry is familiar- If we adhered to the convetitionai 
system in the present instance, we should commence with the mono-ethylenic 
acid of lowest molecular weight found in fats, namely, the decenoic acid, 
CjpHis02, which occurs in exceedingly small proportions in butter. Next 
would come the dodecenoic acids, €12^22*02, found in rare instances and in 
small amounts in a few seed fats and marine animal oils, then the slightly 
less rare tetradecenoic acids, and so on. After discussing these simple mono- 
ethylenic higher aliphatic acids we should proceed methodically to consider 
the corresponding natural di-, tri-, tetra-, and penta-ethylenic acids, and 
finally have to return to certain rnono-ethylenic acids containing a hydro:^yl 
group or a ring-system, and to n rnono-acetylenic acid. Strict adherence 
to the formal classification would have, in the ease of the natural unsaturated 
fatty acids, the following disadvantages : 

1. It would involve consideration, at the outset, . of acid§ whigh am 
exceedingly rare and whose constitutions, in some cases, have not been 
settled. 

2. Oleic acid, which is the most widely distributed of all fatty acids, 
and also in not a few fats their major component acid, would only he dis- 
cussed after several of these rarer acids. Yet, by reason of its common 
occurrence, ordinary oleic acid is the member of the series whose chemical 
properties have been most thoroughly studied, aud is alsp the acid on wMch 
most of the ^)ecial methods of constitution determination used in this 

were WOTked out in the first instance. 

3. The mcwM>-un5aturated adds, as a group, share many characterist^ 
prop«ti^ which differentiate them shaiply from the polyethylenip adds. 
For example, it may be said that, broadly speaking, the mono-unsaturated 
adds are those which determine the general properties of the so-called 
'' non-drying 'Oiis/' while the polyethylenic adds give rise to the ch.airae- 
t eristic behaviour of the ** drying oil " group. This makes it inconvenient 
to mterpoae an account of ifre polyethylenic adds between that of the simple 
aliphatic mono-ethyfedc adds and that of the hydro:^y- and cyclic mm^ 
ethylamc adrfe m mono-acetyisepic .adda* 

The gemral eehepae treatment of the natural unsatnrated 

adds has therefore been .adoj^ed : 

j. Ordinary oldc add, winch is present in prg.cticaJly aU natural *fets 
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and which has received more investigation than any other individual 
unsaturated fatty acid, is considered separately in the first place. It is noi 
only the most important representative of the fatty acids as a whole, but is 
also typical of the other mono-ethylenic acids. Its isolation and properties, 
the methods employed to determine its chemical constitution, its stereo- 
chemical relationships and its chemical transformations are therefore dealt 
with at some length. 

Further, some of the isomeric forms of this acid which have been pro- 
duced artificially from ordinary oleic acid will be noticed before the discussion 
of the remaining natural mono-ethylenic acids is resumed. 

2. The remaining mono-ethylenic fatty acids next receive notice. Here 
it is useful to bear in mind the connection between fatty acids and biological 
origin which has been pointed out in earlier chapters. In the vegetable 
kingdom, for example, we find, in addition to rare do- and tetra-decenoic 
acids, hexadecenoic, oleic, petroselinic, and erucic acids, and also the hydroxy- 
mono-ethylenic ricinoleic acid, the cyclic mono-ethylenic hydnocarpic and 
chaulmoogric acids, and the mono-acetylenic taiiric acid. Mono-ethylenic 
acids characteristic of the marine animal oils include, on the other hand, in 
addition to do- and fetra-decenoic acids, hexadecenoic, oleic, gadoleic, 
cet oleic, and selacholeic acids. 

3. After completing the survey of the naturally occurring mono-ethylenic 
and closely related higher fatty acids, we consider the corresponding poly- 
ethenoid acids, namely, the di-ethylepic lirioleic acid,, the tri-ethylenic 
linpleuic, elaeostearic, and licanic ^pids, and the poly- (tetra-, penta-, or hexa-) 
ethylenjc acids of the Cis, and series. 

4. It should further be pointed out that, as a rule, only those acids which 
have been entirely or ccrnparatiyely weJI .authenticated are included. There 
^remains a number of aoids# % the saturated and more in the unsaturated 
series, which have b^en reported (often many years ago) as individnals, but 
whose identity is imcertain and which require further study. Some of these 
acids (e.g. the supposed mono-ethenoid " hypogseic,'' “ cheiranthic/* or 
** rapic acids) have been shown to be non-existent ; in other cases, a 
supposed individual acid has been found to be a mixture of already known 
acids (e.g. '' lycopKxiiimi oleic acid,'' telfairic acid,’* etc.). 

The order of treatment of the unsaturated acids of the natural fats will 
therefore be as follows : 

Ol^ic aefd (cis- A ^-o€^fadecef%edc acid'^ 

Isolation and properties, chemical eonstitiition, stereochemical configuration, 
chemical tran^ormations : 

J^oiperic forms of oleic acid produced by hydrogenation or other fn«ans. 

Qiher mGy^lic fmm&TBihemoid mcids : 

JDtecamoic (milk fiats), 

Dc»d«Esenc»c and tetradecimicuc (veg^^bedjle and animal fats), 

Hexadecenoic (vegetable and animal fats). 

Cletndee^oic : (petw^ei|*|ic, vi^efable fats ; vaocenic, animal fats), 

Eicsc^eiMfic : (gadoljeac, marine animal fats j — -acid.. Simmomdmj^ seed 

wax). 

DooMTOom : v^*etalde S cetpleic, maiine animal fats}» 

marimi animai fats). 

M&mUtssBmmm t (ximenic,, fat). 

Ricinoleic (vegetable fiats). 
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Cyclic fuono-ethenoid acids : 

Hydnocarpic, chaulmoogric, (gorlic) (vegetable fats). 

Acetylenic acids : 

Tariric acid (vegetable fats). 

Ethyleiiic-acet5,deiiic acid (Ongokea Gore seed fat). 

Polyetkenoid acids mith two double bonds : 

Uinoleic ( ^“■^^-<x=tadecadieiioic) (vegetable fats). 

Other octadecadienoic acids (animal fats). 

Polyeihenoid acids with three or four double bonds (vegetable fats) : 

Linolenic ( A®'^®' i2:is. -octadecatrienoic). 

^e:7. 9:10, = i*-octadecatrienoic 

Santalbic. 

Elieostearic ( ^®-^4-octadecatrienoic). 

Geometrical isomerides of elaeostearic acid. 

Licanic (4-keto- A ® * ^°* ^^ * ' ^‘‘-octadecatxienoic). 

Parinaric ( ^^'^“'O^^^^i^^catetraenoic). 

Polyeihenoid acids tidth three, fottr, five, or six double bonds (marine animal fats) : 

Hiragonic (hexadecatrienoic) . 

“ Stearidonic ” (Octadecatetraenoic), 

Arachidonic ** (Kicosatetraenoic) ; eicosapentaenoic, 

** Clnpanodonic " (Uocosa-penta- or -hexa-enoic). 

T etracosahexaenoic. 

Oleic Acid, c/s-A^-^^-octadecenoic Acid, CH3 .[CH2]7.CH:CH.[CH2]7. 
COgH. Oleic acid was first recognised as a constituent of several common 
fats by Chevreul in his Recherches sur les corps gras in 1815, although it was 
probably not prepared in the pure condition for some considerable time. (The 
oleic acid or ** oleine of commerce is by no means a pure acid, since it 
consists of the liquid portions separated by pressing a mixture of fatty acids 
which has been obtained by distillation i# a current of superheated steam 
under reduced pressure ; this liquid oleine will usually contain, therefore, in 
addition to oleic acid, any more unsaturated acids (such as linoleic) which 
may have distilled over without decomposition, and it will also contain in 
solution varying proportions of palmitic or other saturated acids which have 
not separated in the solid condition and remained in the residue of 
stearines.^') 

Isciatioii of pure oleie aeid. For the preparation of pure^pleic acid it is 
usual to select as raw material a fatty oil of comparatively simple composition 
containieg a high percentage of combined oleic acid (for example, olive or almond 
oil). After removal of most of the saturated acids from the mixed fatty acids 
of such an oil by crystallising their lead salts from alcohol, the unsaturated acids 
may be freed from linoleic acid by crystallising the barium salts from benzene 
containing 5 per cent, of 95 per cent, alcohol or by crystallising the lithium 
salts from 80 per cent, alcohol.®® After two or three crystallisations the separated 
barium or lithium salts will be free from linoleates, and will yield a mixture of 
oleic acid with a small amount (perhaps 3—4 per cent, at most) of palmitic or 
other satmrated acids. If this product is converted into methyl or ethyl esters 
and the tatter are hactioirally distilied in a vacuum {cf. Chapter XI, pp. 373—3^1), 
fracticfflys of almost €xwQ|^etely pure methyl or ethyl oleate may be collected which 
furnish pure c^eic acid on hydroljrsis. 

Another metiKKi iscdation of pure oledc acid which has been recommended 
by Rertram is to treat mixed fatty adds containing a high percentage of oleic 
add with mcrcnirk: acsetate in methyl alcohol and acetic acid, when the mercury 
compound of oleic acid remains in ^^ntion ; after filtering, the oleic add is 
regenerated from the filtrates, and fnrthor purified by crystallisation from acetone 
at — 15“ to — 20®C. 
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Brown has recentl}^ described metbods w'hereby oleic acid can be obtained 
practically pure by direct crystallisation from solvents at low temperatures. 
For example, the acids from olive oil are first separated from saturated acids 
by crystallising out the latter from acetone at —20°, followed by sex^eral crystal- 
lisations of the oleic acid from about 7 per cent, solution in acetone at — 60°. 
The yield of oleic acid, m,p. 13*^, so obtained is about 50 per cent, of that present 
in the olive oil mixed acids. 

Properties of oleie acid. Oleic acid crystallises in two forms, one melting 
at 13° C. and the other at 16® C. It partly decomposes on distillation at atmos- 
pheric pressure, but may be distilled at reduced pressure : its boiling point is 
285*5-286 -o°/ioo mm., 232’5®/i5 mm.. i53-oVo*i mm. The methyl and ethjd 
esters are colourless liquids which distil at about i5o°/3 mm. or 130-135^/0*1 mm. 

Chemical constitution of oleic acid. For a long time after Varren- 
trapp had shown in 1840 that palmitic acid was produced in large 
quantities when oleic acid was fused with caustic potash, it was considered 
that the acid had the constitution CH3-[CH2]i4*CH:CH.COOH ; but this 
reaction undoubtedly involves the migration of a double bond towards the 
carboxyl group under the influence of the molten potash. The structure at 
present accepted for oleic acid was first proposed by Baruch in 1S94, who 
arrived at it by means of the following somewhat complicated sequence of 
changes. 

Oleic acid (I) was converted by bromine into dibromostearic acid (II) which, 
when heated with concentrated alcoholic potash lost two molecules of hydrogen 
bromide and produced an acetylenic acid, stearolic acid (III). When stearolic 
acid was treated with concentrated sulphuric acid a molecule of water was added 
and the ketostearic acids (IV) produced. The oximes of these acids (V) were 
submitted to the Beckmann rearrangement and amongst the resulting scission 
products Baruch was able to identify (VIIa) nonanoic acid and 9-aminononanoic 
acid and also (VIIb) tj-octylamine and ^-sebacic acid. The respective pairs of 
products VIIa and VIIb must have been produced by hydrolysis of the corre- 
sponding acid amido-derivatives VIa and VI:p, which must accordingly have the 
formulae assigned to them ; consequently, the position of the unsaturated linkage 
in stearolic acid (and therefore in the original oleic add) must have been between 
the ninth and tenth carbon atoms of the chain, counting the carboxylic carbon 
atom as number one. 


and 


and 


Oleic acid (I) 
Dibromostearic acid (II) 
Stearolic acid (III) 

Ketostearic acids (IV) 

4 ^ 

CH3.[CHg]^.CH2.C(:N.OH).[CH2L.COOH 

CHa-[CH*],.C(:N.OH).CH..[CHa]^.COOH 
" (V) . ^ 


CHs.ECH2l7.CH =CH.[CH 2 ],.C 00 H 
CHS.ECHal7.CHBr.CHBr.ECH217.COOH 
CHs.lf;Hj7.C=C.[CH,l7.COOH 
CH,.[CH,]7.CH5.C0.[CHJ,.C00H 
CH,. [CH J,.CO.CH..rCH Jj.COOH 


CH,.[CHJ,.CO.NH.CH..[CH,3»-COOH CH,.tCH J,.NH.CO.CH,.[CH,],.COOH 
(VIA) 4 '1' (ViB) 

Jj.COOH + CH,.[CH + 

CCX3H.[CH,1,.CC>OH 

Monanoic acid 'add 31-octylamine ta-sebacic acid 

(VIIaI (VIIb) 

Mucli simpler piroof of the posatiOii of the double bond in oleic acid for 
other unsaturated adds) has since been given by means of oxi^dation pro- 
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cesses, although early attempts to oxidise oleic acid with nitric acid led to 
the production of a mixture of monobasic and dibasic acids, the former 
including those from formic acid up to capiic acid and the latter adipic, 
pirnelic, and suberic acids. Similarly, aqueous acid potassium permanganate 
produces, in addition to dihydroxystearic acid, a mixture of mono- and 
di-basic acids. Nevertheless, by oxidising oleic acid with aqueous perman- 
ganate at 6o® Edmed (1898) was able to obtain in addition to 60 per 
cent, of dihydroxystearic acid, 16 per cent, of azelaic acid, 16 per cent, of 
oxalic acid and a small amount of «-nonanoic acid, thus supporting the 
structure assigned to oleic acid by.Baruch. 

The ozonjsation process, or addition of ozone to an unsaturated ethylenic 
linkage, has given much more reliable data on the constitution of ethylenic 
acids than oxidation with aqueous reagents. Moiinari ^7 (1903) appears 
to have been the first to apply the ozonisation method to the case of oleic 
acid, although almost concurrently Harries and Thieme published the 
results of very exhaustive work on the same method. The ozonisation 
procedures led, in the case of ordinary oleic acid, to the production of 
«-nananoic and aapelaic acids, together with the corresponding >i-nonylal- 
dehyde and azelaic acid semi-Mdehyde, COOH.[CH2]7.CHO.* 

Whilst the ozonisation method thus led to satisfactory location of the 
double bond in oleic acid, it has sometimes the disadvantage that con- 
siderable amounts of resinous products are formed, so that the yields of the 
scission products obtained do not represent by any means the whole of the 
original unsaturated acid- Improvement in this respect was reached by 
Grhn and Wittka (1925) who obtained good yields of ^-nonanoic and 
azelaic acids by oxidising stearolic acid with chromic acid ; whilst Armstrong 
and Hilditch {1925) showed that direct oxidation of methyl or ethyl 
elites with powdered potassiuna permanganate in hot acetone or acetic 
acid solution gave a mixture of nonauoic acid and methyl pr ethvl hvd 
azelate : 


CH3.[CH2]7.COOH+COOH.[:CH2]7.COOMe 

By hydrolysing the mixed acidic products of oxidation they obtained yields 
of 80-90 per cent, of azelaic acid and 60—70 per cent, of w-nonanoic acid 
calculated on the original ester employed. 

At the present time, the ozonisation method and the permanganate- 
acetone oxidation method appear to be most widely used for the determina- 
tion of the position of the unsaturated linkages in the natural unsaturated 
fatty acids. 

StereodheitiMral conj^uratian of oleic acid. In conxmon with all sym- 
metrically di-substituted ethylenic compounds, it is possible for the mono- 
ethylenic higher fatty acids to exist in two geometrically isomeric forms 
which may be represented as follows : 

CHs.tCHgl^.C.H 

n l! 

COOH.[CH 23 ^,C.H h. 

d. 

* The semi-aldehyde of azelaic acid is best prepared by the action of periodic 
a-dd on th^ adds {iOiifir 
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iti the case of oleic acid the geometrical isomeride has not so far been found 
in any natural fat but it has long been known that on treatment with oxides 
of nitrogen, or by heating with small quantities of sulphur, oleic acid is 
partially transformed into an isomeric acid, elaidic acid, which still has the 
double bond in the 9, lo position and is thus a geometrical isomeride of 
oleic acid. For many years, although the reason does not appear by 
means clear, it was customary to describe oleic acid as the irctf 
It is usual in other cases of geometrical isomerism, in the absence of any 
definite evidence, to regard the more stable, higher melting form as the 
fr^ws-isomeride (in this case elaidic acid). This reasoning alone would lead 
us to formulate oleic and elaidic acids as follows : 


CH3.[CH2]7.C.H CH3.[CH2]7.C.H 

COOH-[CH2]7.C.H H.C.[CH2]sr*COOH 

Oleic, cfs-A^'^^-dctadecenoic acid. Elaidic, A^*^®*“Uctadecendic 

acid. 

The following additional arguments, indeed, confirm this view : 

(i) In 1923 Muller and Shearer submitted oleic and elaidic acids, and 
also erucic and brassidic acids (€22^4202), to examination by the X-ray 
method of crystal analysis and deduced that the (higher melting) elaidic and 
brassidic acids were respectively the irans- forms of the respective parts of 
acids. (The X-ray spectra of elaidic, erucic, and braLssidic acids wete 
re-examined in 1938 by Francis and WiUis,®^ the technique of the method 
having naturally been developed in the fifteen years since Miiller and Shearer's 
original study. The results, however, fully supported the conclusions 
drawn by the earlier investigators.) 

(ii) Studies of monomolecular films on water of the same three pairs of 
isomeric itlOno-ethenodd acids, and of oleyl and elaidyl alcohols, by Mafsden 
and Rideal^ showed that monolayers of the elaidic forms are less highly 
expanded than those of the " oleic or natural acids, and in this respect 
resemble the corresponding saturated acids. Whilst mixed films of an 

elaidic form with its corresponding saturated acid interlock to form 
close-packed films. Similar mixed films of an ** oleic " form with its 
corresponding saturated acid cause expansion of the film. Moreover, 
monolayers of the indivlduai ** oleic "adds are not only more highly expanded 
than those of the corresponding ** elaidic " acids, but the films collapse to 
form oil lenses, whereas those of " elaidic forms interlock On compression to 
form solids or smectic liquids. All these observations show consistently 
that the natural oleic " compounds pCssess the ds- configuration, since 
tM cfs-ethenoid ^nd leads to a deformation of the molecular chain which 
wouid^^Ve rise to the observ^ed phenomena. Whereas the /r^^s-ethenold 
bond produces little deformadoii In tte chafn, which remains almost exactly 
similar to that of the Saturated add. 

fiarkiils and lToifeic»,^ Stipporthi^ flie conclusions of Marsdeft and 
j^deal, oli^ rve that CIS- compounds are more mono- 

ifans- coinix>unds, and point out that the bend 1ft, the. hydro- 
carbon c^hain at the double bond of cis- compounds causes the latter to be 

l^s fooaiid to othte adjafe^&t than is the case with 

conipouiids. 
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(ill) The fact that '' eiaidic ’^Jorms of the unsaturated fatty acids form 
solid solutions with the 'corfespohding saturated acids (e.g, elaidic with 
“^stearic, or brassidic with behenic), w^hilst the natural forms, (e.g. oleic , 
erucic) do~not ”do so,^s further evidence t^t the elaidic derivatives are 
closely “related^ III configuration to the saturated acids, i.e. they are the trans- 
isomerides of the mono-ethenoid compounds. 

(iv) Ariiistrong and Allan pointed out that the absence of elaidic 
acid in nature is consistent with its being the trans- isomeride, since chemical 
changes induced by enzyme action in the living cell do not as a rule lead to 
the production of an isomeride of maximum stability. 

(v) G. M. and R. Robinson stated that the production of oleic acid 
from stearolic acid by zinc and hydrochloric acid in presence of titanous 
chloride indicates that oleic acid has the cis- configuration.* 

Interconversion of oleic and elaidic acids. The conversion of triolein 
into trielaidin by means of oxides of nitrogen was apparently first observed 
by Poutet in 1819,®^ who employed a solution of mercury in nitric acid as 
the source of the oxides of nitrogen. This test, known as the elaidin test, 
was formerly much used as a qualitative test for non-drying oils. The nature 
of the change was not thoroughly investigated for many years, but Jegorow 
showed that the transformation was effected by relatively small proportions 
of the reagent, and that the use of larger proportions led to the production 
of addition products such as CisH3402(N02)(N0) and Ci8H3402(N02)(OH). 

In 1894 Saytzew showed that the same change takes place when oleic 
acid is treated with sulphurous acid or sodium bisulphite under pressure at 
180—200°, whilst later Albitski found that the reverse change of elaidic to 
oleic acid proceeded under these conditions to the extent of about 20 per 
cent- More recently (1929) Rankow ^2 observed that small amounts of 
sulphur effect the partial transformation of oleic into elaidic acid at about 
200°. A quantitative study of the oleic-elaidic acid transformation by 
means of these various reagents was undertaken in 1932 by Gri|g.ths and 
Hilditch,'^® who found that the action is a balanced one and that the same 
equilibrium is attained commencing from either oleic or elaidic acids ; in 
either case, using Poutet^s reagent or gaseous oxides of nitrogen prepared 
from arsenious oxide and nitric acid, these authors found that the reaction 
product contained elaidic acid to the extent of about 66 per cent. oLthe oleic 
or elaidic add originally employed, and that (depending upon the particular 
reagent used) varying amounts of addition products (nitrogen or sulphur 
compounds according to the reagent employed) were present in the final 
mixture- They also found that the same equilibrium point was reached 
when the methyl or glyceryl esters of oleic acid were submitted to the 
i^merisation, and that, in the similar cases of petroselmic (cis- A ®-'^-octa- 
decenoic) and erucic A ^^'^^-dtocosenoic) acids, the equilibrium mixture 
produced by isomerisation contained somewhat more than twice as much of 
the r^pective irmms- acids as of the (original) cis- adds. 

Probabty the mc^t ^Bdent catalyst for elaidinisation is selenium, which 
Bertram in 3:936 to be effective in concentrations of o* 1—0*3 per 

cent- at about rSo— 2CK>°. The ds-trans equilibrium is rapidly attained and, 
the proporticm of sdemum being so small, the presence of addition products 

* Bertram, howevesr, as a result of observatioris of the surface tension and 
related properties of potassa^nm oleate, eTaidate and stearate, -maiTi tains ; that 
natural oleic add pc^^sses the irans- and elaidic add the cis- configuration. 

31 ^ 
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with the catalyst, or other by-products, is minimised. Indeed, Jinoleic 
acid, which 3delds high proportions of by-products when treated with oxides 
of nitrogen or elemental sulphur as isomerising agents, can be isomerised 
with small proportions of selenium at 200° with little loss other than slight 
polymerisation {cf, p. 335)-'^^’ 

Syntheses of ' ^^-f^cladecenoic acids. The formal synthesis of oleic 
acid was first attempted by G. M. and R. Robinson 6® in 1925 ; these workers 
indeed effected a complete synthesis of lo-ketostearic acid, and also showed 
that stearolic acid could be converted into oleic acid, but were unable to 
transform lo-ketostearic acid into stearolic acid. They condensed the sodium 
derivative of ethyl 2-acetylnonoate (I) (from n-heptyl iodide and acettfecefic 
ester) with 9-carbethoxynonanoic acid chloride (II) and- obtained the ester 
(III), which, after successive hydrolysis wuth cold dilute alkali and boiling 
dilute sulphuric acid, gave lo-ketosteaiic acid (IV) : 


CH3.[CH2]6-CH.(COCH3).COOC2H5+CLCO.[CH2]8.COOC2H5 
I 4^ II 

CH3.[CH2]6-C(C0CH3)(C00C2H5).C0.[CH2]8.C00C2H5 

III 

T 

CH 3 . [CHojy.CO. [CHgls-COOH 

IV 


Although stearolic acid (V) can be hydrated to a mixture of g- and 10- 
ketosteaiic acids the reverse change has not yet been accomplished ; but its 
reduction with titanous chloride in acetic acid produced oleic acid (VI) 
(cf. p. 318) : 


CIfi.[CHo]7.C i C.[CH2]7XOOH->CH3.[CH2]7.CH:CH.[CH2]7XOOH 
V VI 

It may be noted that lo-hydroxystearic acid (obtainable from lo-keto- 
stearic |tcid by reduction) yields lo-iodostearic acid, which was shown many 
years ago by Saydzew and by Araaud and Postemak to give a mixture of 
oleic, elaidic, and bydroxystearic acids when heated with alcoholic potash. 
In conjunction with Robinson’s synthesis of lO-ketostearic acid, these obser- 
vations therefore define oleic and elaidic acids by synthesis as either the 
<^3- A^^-^^-octadecenoic acids. 

A total synthesis of A® '^^-cx^fa-decenoic acid, in the form of the equili- 
brium cis-irans mixture, was effected by Noller and Bannerot in 1934 
commencing from 9-chlorononyl aldehyde (I). This aldehyde, on treatment 
wfith bromine, hydrc^en bromide, and methyl alcohol, gave 8, 9-dibromo-9- 
methoxynonyl chloride (II) which, submitted to the Grignard reaction with 
magnesium ff-octyl bromide (III) yielded B-bromo-q-methoxyheptadecyl 
chloride (IV). Reduction of the latter compound in ?f-butyl alcohol solution 
with zinc produced A®' ^-h^tadecenyl chloride (V), which was converted 
into the corresponding cfankle (VT) and the latter hydrolysed to the corre- 
sponding A®*^^"0^^<3ecenoic aod (VII), which proved to be a mixture of 
63 per €»nt, of elaidic acid and 37 per cent, of oleic acid : 
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CHO.[CH2]8.Cl~>CH(OCH3).Br.CHBr.[CH2]7.CH-Mg(.[CH2]7.CH3)Br 
I II Hi 

4 

CH3.[CHj7.CH(OCH3).CHBr.[CH2]7-CI 

IV 

4 ' 

CH3.[CHo]7.CH:CH.rCH^]7 Cl 

V 

4 

CH3 .[CHo]7 .CH;CH.[CH^]7.CN 

VI 

4 

CH3.[CHc,]7.CH:CH.[CH^]7.COOH 

VH 


Some Chemicax Transformations of Oleic Acid 

1. Addition of halogens- In common with all the unsatiirated ^higher 
aliphatic acids, oleic acid reacts additively with halogens. With chlorine 
dichlorostearic acid is produced, whilst with bromine oleic acid gives a 
dibromostearic acid, m.p. 28*5— 29"^, and elaidic acid an isomeric dibromo- 
stearic acid, m.p. 29-30° ; mixtures of these dibromostearic acids melt at a 
much lower temperatiire,®^ and the individual acids, on dehromination with 
zinc and alcoholic hydrochloric acid, revert exclusively to the acid from 
which they were prepared, oleic or elaidic respectively. 

The dehromination of bromo-addition products of the higher ethyl^nic 
acids is, indeed, a somewhat remarkable change, in that it has been shoWii not 
only in the foregoing cases but also in those of linoleic and linolenic a cids (see 
below) that, in the regenerated ethylenic acids, the position of the double 
bonds is the same as in the original acid from which the btomd-derivative 
was prepared. 

Iodine, or more frequently mixed halogens such as iodine monochloride 
or iodine monobromide, will also interact additively with ethylenic acids, and 
this reaction of course forms the basis for the estimation of the iodine value 
of Unsaturated fatty oils and acids by such well-known methods ^ those of 
Haniis, Wijs, etc. Derivatives of the halogens, such as hypochlorous acid, 
al^ act additively towards oleic acid and in this way, for example, chloro- 
hydroxj^stearic acids have been obtained by Albitski from oleic and elmdic 
acids. 

2. The dihydroxystearic acids produced By o^dation of oleic arid 

iirfaMIc ackis- Oleic acid may be transformed by a variety of reagents into 
two 9, lo-dihydroxystearic acids, which melt respectively at 95° and 
1^2 - Most of these reactions lead to the exclusive production of one or other 
of these acids, which are evidently stereoisomerides. Moreover, those reagents 
which cause the prOdtiction of the acid, m.p. 95°, from oleic acid result in the 
of the acid, m.p. 132°, from elaidic acid, and conversely. It 
ftirf foiloiiis, then, that the paxticulax dihydroxystearic acid produced ia 
giV» c^e d^pOnds upOn the geometrical configuration of the original 
ethylenic acid, and that (sinos under different conditions each acid results 
from oiie tod the s^e geometrical isomeride — e.g. oleic acid) an inversion 
must take place dumig s^oie of the chemical firocesses involved. 

3 ^ 0 ^ 
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In the case of oleic acid, the dihydroxystearic acid m.p. 95^ is obtained as 
a result of the following reactions : 

(i) Addition of chlorine or bromine to oleic acid, followed by treatment of 
the product with aqueous or alcoholic alkali.s^ 

(ii) Addition of hypochlorous acid to oleic acid followed by treatment 01 
the resulting chlorohydroxystearic acid (a) with aqueous or alcoholic potash, 
or (b) with baryira, when an oxido-acid is formed which on further treatment 
wnth alkali or dilute sulphuric acid yields the dihydroxy acid m.p. 95 

(iii) Oxidation of oleic acid by Caro's acid^^ or by hydrogen peroxide 
and glacial acetic acid (peracetic acid),®^ or by perben2x>ic acid,®^ in which 
latter case an oxido-acid is first produced which by rupture of the ethylene 
oxide ring yields the acid of melting point 95®. 

The dihydroxystearic acid of m.p. 132° has been obtained from oleic 
acid in the following ways : 

(i) Treatment of the chlorohydroxystearic acid (cf. above) by means of 
silver oxide.®^ 

(ii) Oxidation of alkaline salts of oleic acid in dilute ice-cold alkalin e 
aqueous solution by potassium permanganate.®®* 

In all cases elaidic acid has been submitted to the action of the different 
agents enumerated in the preceding paragraphs and it has been invariably 
found that the opposite form of dihydroxystearic acid results from that 
obtained when oleic acid is the starting material. Similar relationships 
have been observed, by several of the workers mentioned, in the cases of the 
isomeric petroselinic acids and the isomeric erucic and brassidic acids. 
Further, it has been observed that, in the oxidation by means of alkaline 
permanganate, good yields of the dihydroxy-acid are not obtained unless a 
large excess of alkaH is employed and that the 5deld of the dihydroxy-acid 
m.p. 95® produced from the more stable elaidic acid is invariably less than 
that of the isomeride obtained from oleic acid.®® 

It is not certain at what point the inversion ' ' takes place which causes 
the production of the two different acids from the same ethylenic acid. 
Lapworth and Mottram ®® and also Boeseken and Helinfante ®® have pointed 
out that oxidation by permanganate does not normally involve any change of 
configuration, although in a later communication Lapworth coeriders 
that the matter cannot at present be settled. On the other hand, Hilditch 
and Lea have pointed out that the conditions necessary for the production 
of good yields of the dihydroxystearic acids during alkaline permanganate 
oxidation suggest that the inversion takes place during oxidation in a 
strongly alkaline medium. 

More intensive oxidation of oleic acid by dilute alkaline permanganate 
solutions, or further oxidation of the 9, lo-dihydroxystearic acid of m.p. 
132° by the same reagent, was shown by Lapworth and Mottram to lead 
to the production of sub^c, oxalic, and f*-octaeoic acids (instead of the two 
acids, azelalc, and ^nontooic). Green and Hilditch showed that the 
isomeric 9, ro-dihydroxysteairic acid of m-p. 95® unde^oes the same decom- 
pc^tion, and that the same course is also followed in other dihydroxy- 
s^nrated adds, iiTe^)eGtive of the of the carbon chain, the podtion 

of the double bond or its ds^ or Imms- configuratioii in the mono-ethenoid 
adcfc from which , the dihydfoxy-satiirated adds or^inated. Th i s is illus- 
trated by the Tollowing summary of the data for different mono-ethenoid 
.adds : 
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Unsaturated Acid 

DlHYDROXy- 

SATURATED 

Acid 

M.P. 

Acids produced by Alkaline 
Permanganate Oxidation 

OF Dihydroxy Acids 

Oleic ( A®' 

132'* 

Suberic [CHdsCCOOH)* and /z-octanoic. 


95*=* 

GgHieOa. 

Pctroselinic ( A® ' D 

122** 

Glutaric [CHd 3 (GOOH )2 and //-undecanoic, 

CxiHggOj. 

Hexadecenoic 

124'* 

Suberic [CHdeCGOOH)*. 

84'* 


Erocic (A^®*^^) 

129'* 

100^ 

Decanedicarboxylic [CH 2 ]io(COOH) 2 . 


The dihydroxybehenic acids were much less susceptible to oxidation 
than the rest of the acids investigated {cf. p. 328). Green and Hilditch 
also examined the corresponding behaviour of the polyethenoid linoleic, 
linolenic, and elseostearic acids under similar conditions of oxidation, and 
found that in these cases about 80 per cent, was converted by direct scission 
to azelaic acid, the remaining 20 per cent, leading to suberic acid (as above). 
Farmer et employing faintly alkaline solutions of permanganate, have 

obtained only azelaic add in the oxidation of elseostearic and other poly- 
ethenoid adds, and it may weE be that the alternative course is the result of 
oxidation of the di-enolic form of a diketo-acid produced as an intermediate 
product ; 

— CH^.CH(0H).CH{0H).CH2— — CH 2 .CO.CO.CH 2 - ^ 

— CH:C(OH).C(OH);CH — 

3. Ketc^tearic acids (9-hydroxy-lO-keto- and lO-hydroxy-9-keto- 
st^nic acidb). Holde and Marcusson showed in 1903 that if excess of 
alkali is avoided in the aqueous permanganate oxidation of oleic acid, the 
product formed contains for the most part hydroxyketostearic acids. 
King found in 1936 that the best 5delds of the two hydroxyketostearic 
adds were obtained from oleic or elaidic acids by using alkali in equivalent 
amoimt to the fatty acid, and about 2 mols. of permanganate per mol. of 
fatty add, with a concentration of acid not exceeding i gram per litre of 
solution, and oxidation for 8-10 minutes at 8—10° for oleic acid and 25® for 
elaidic add. In this way a yield of 40—50 per cent, of the mixed 9-hydroxy- 
lo-keto- and io-hydroxy-9-keto-stearic acids can be obtained, from which 
King ^>arated the pure adds by fractional crystallisation of their semicar- 
bazon^. The g-hydroxy-io-keto-add melts at 74°, and its isomeride at 

Periodic add oxidise g-hydroxy-io-ketostearic acid to nonanoic add 
and tte ^ooialdehyde of azelaic add,®^ and lo-hydroxy-q-ketostearic add 
to ii«»iyMlc^?^yde and azelalc add. Morre^ and Phillips state that 
of gas«s©us ox;^^ through dilute alkaline solutions of the potasduin 
of tl» mpidly quantitatively decomposes them intO'^^ 

nonane^ and azdaic adds. Th©^ authors also found that the q-hydroxy- 
group can be methylated, whereas the lo-hydiroxy- group of the isomeric 
acid redsts methylation ; they ascribe the difidence in behaviour to diHerg 
enexss m Ute poteittyof the tfXmiiial g^ppups (CKs-^ and - — COOH) of the ilcyl 
chain, feadijog te character in the xo-hydroxy-, and addic character 

of the 9-hydroxy-, groups in the respetdive adds. 
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Isomeric Forms of Oleic Acm produced by Hydrogenation or 

OTHER Means 

A number of acids of tbe oleic series wliicli do not occur naturally liave bee: 
obtained by various chemical reactions from the natural oleic or related adds 
The chief instances may be grouped as follows : 

(i) Isomerisation of oleic acid by oxides of nitrogen, sulpliiir, seleruun] 
The interconversion of the cis~ and trans- forms of the oleic acids has already bee: 
fully discussed (pp. 316-319). 

(ii) Isomeric oleic acids f^ooleic acids *’) produced during catalytic hydro 
genation. It has been known for a long time that hydrogenation of olei 
acid or an ester thereof yields not only stearic acid, but also, during the inter 
mediate phases of the process, a certain proportion of solid oleic acids. It wa 
shown by Moore in 1919 that the chief component of these solid oleic acids i 
elaidic acid, but that in addition one or more tsoolcic acids produced by migratioi 
of the double bond are present. The amount of tsooleic derivatives producet 
varies according to the conditions of hydrogenation, and is probably at a maxi 
mum when the operation is carried out at a high temperature (200° C. or above 
and at atmospheric pressure in presence of a moderate concentration of powdere< 
catalyst by the agitation process.*^ It has also been shown by Hilditch anc 
Vidyarthi (1929) that the isomeric oleic acids, in which migration of the doubl< 
bond has occurred as a result of hydrogenation, are the cts- and trans- forms o 
acids with an ethylene linkage adjacent to the position which it originally 
occupied ; thus, from A®’^®-CK:tadecenoic acid subordinate amounts of the 
A®*^- and A^^'^^-acids were identified in the products of partial hydrogenatioi 
by means of oxidation to the corresponding mono- and di-carboxylic acid scissioi 
products. 

When polyethenoid derivatives such as linoleic or linolenic glycerides are 
selectively hydrogenated, the mono-ethenoid compounds formed are naturally 
not entirely the A®'^°-c<^iupounds. WTien, by saturation of the or othei 

positions by hydrogen, the remaining double bond occupies a position other thai 
A®*i® in the molecule, the acid so produced is frequently a solid and may b€ 
considered as one of the f^ooleic acids of hydrogenation. 

(iii) ** IsocUme aeMs*’ prodaeed by steam distillatiozt of ** snlpbanated * 
oleic acid. When oleic acid is dissolved in concentrated sulphuric acid and th< 
product subsequently boiled with water, a certain amount of lo-hydroxystearii 
acid, CH3.[CHa]7.CH(OH).[CH2]8-COOH, m.p. 83-85^ is produced.** 

If the products of the action of sulphuric acid on oleic acid are distilled in a 
vacuum at high temperature in a current of superheated steam the distillate 
contains, in addition to unchanged oleic acid and a certain amount of hydroxy- 
stearic acids, a mixture of isomeric forms of oleic acid, which have evidentlji 
been product by elimination of the elements of water from the hydroxy-acich 
present. 

Amaud and Fostemak stated that the composition of such a distillate was 
found by them to be about 31 per cent, ordinary other liqtjud 

oleic) acid, 1:5 per cent. aj<fid, 36 per cent, of a mixture of A*'®" 

and A®* ^^-elaidic acids with 18 per cent, hydroxysteaxic acids. Steger, van Eooi] 
et recently separated t]^ isomeric oleic acids present in commercial 

" oleine " produced by the *' sulphonatioii " and distillation process by the lead 
salt alcohol method {cf. Chapter XT, p. 370) into 66 per cent, of '' solid " and 
34 per cent, of ** liquid acids. They that the fmmer W'cre a mixture ol 

A®"®“» and acids,^ whilst the “ liquid " acids epn- 

hainyed A®*®“^ A ® ‘ and A ' ”-oleic : 

■fiv) ** Synthetic fscNJieie n^is. Fiirally, it may be pmnted out that the 
ncarmal saturated such aS stearic acid can be brmntiiated by the method &i 

Hdfi and Wolhard to yiesM the' z-hcnnio-ahphatic acids whoch, on heating with 
aloEiiioIic potasauiBa ,I^plr«aadd^» yield 'Correspemding^ A®*®*-isiO' 5 no-ethylenM 

acids. These are' C5om|K>uiuis of higlier 'me^tintg point than isom'eii'C acids in 
which the doulh© 'bewd m fnrtfeer. removed frcua the carboxyl grO'Up A®’*“ 

cwrtadecenoic acid, m.p. 59®>A** 

"By treating A'*=*-oleic acid with hy driodic acid and thenheating the resultiag 
iodostearic amd with alcoholic potash Eckert and Halla produced the corre- 

3223 
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sponding A®‘^-oleic acid, m.p. 56-57° ; this procedure has been repeated and 
further isomeric oleic acids have been synthesised. 


Other Acyclic Mono-ethenoii> Acids 

n-Decanoic, n-Dodecenoic, tl-'T etradecenoic Acids C12H22O2, 

^14112^02) 

^ 9 :io«l>eceiioic acid, CH2:CH.[CH2]7-COOH, is the unsaturated acid of 
lowest molecular weight yet observed in any natural fat, and has so far only 
been detected in milk fat, especially cow milk fat (in which it only forms 
about 0*2 per cent, of the total acids). It is exceptional, as a natural unsat- 
urated fatty acid, in possessing a terminal methylene group (oj-unsatura- 
tion) ; the double bond, however, occupies the same position, relative to the 
carboxyl group, as in oleic acid. The probable existence of this acid in 
butter fat was pointed out by Smedley in 1912 ; it was first isolated, and 
its constitution determined by Griin and Wirth los in 1922, whilst in 1933 
Bosworth and Brown confirmed its structure and indicated the propor- 
tions in which it is present in cow milk fat. 

Similar small amounts of A^'^^-^odecefwic acid, CHg.CHa.CHrCH. 
[CH2J7.COOH, were found in butter fat by Hilditch and Longenecker,io 7 
who confirmed the observations of Grun and Winkler,io6 and of Bosworth 
and Brown,to6 that this fat also contains over i per cent, of A®* ^^--tetrade- 
cenoic acid. The latter add is also present in traces in the depot fats of the 
ox to® and pig,tt^ and in most marine animal oils (usually to the extent of 
about I per cent.). 

A group of unsaturated Cio» an.d C14 acids of the general formula 

CH 3 .[CH 23 »«-CH:CH.[CH 2 ] 3 ,C 00 H (w»== 4, 6, or 8) has been observed to occur in 
small quantities in seed fats of certain sub-tropical plants belonging to the 
Lauraceae (in which lauric acid is -the main component). Toyama, and 
Komori and Ueno.^^i showed in 1937 that all three acids — A^*®-<Iecenoic 
ob^siMc **), A*^®~dodecenoic (** linderic "), and A^-®“tetradecenoic (“ tsu- 
zuic — are present in the seed fat of JLindera obtusUoba. In 1927 Tsujimoto 
had noted the presence of small proportions of a do- and a tetra-decenoic acid 
in the se^ fat of L. hypaglauca^ but did not determine the position of the ethenoid 
bonds ; in 1928, however, he obtained " tsuzuic acid from the seeds of 
ZAiseet gla$^a and proved its constitution as A^'^-tetradecenoic acid.* 

Other isomenc Cjs and C14 mono-ethenoid acids occur in the head oil of the 
sperm whale. Hilditch and Lovem found sperm head oil to contain about 
4 per cent, of a dodecenoic acid and about 14 per cent, of a tetradecenoic acid ; 
the latter had previously been found by Tsujimoto to be A ^ • ^-tetradecenoic 
acid, CH3.[CH3]7.CH:CH.[CHa]3.COOH, and it therefore differs from the A^*^®- 
tetradecenoic acid of most fish and marine mammalian oils, as well as from the 
Lauraceae seed fat acid already mentioned. 


(jpalmit<^eic, zoomaric) acid, CH3.[CH2]5.CH:CH. 

I, is now known to be a constituent of nearly all natural jfats, 
but it is a very subordinate component except in marine animal oil glycerides 
and in tl» ^ycmdcs and pho^hafii^ of the livers of land animals. The 
acad was fiarst no&^i as early as 1S54 Hofstadter among the mixed 
acads of tl^ Jhead cmI of the sperm whale, and was in consequence named 

* The s^d iat of JCormbo (Myiisticaceae),, Bowever, contains 

nearly 30 cent, of A^' ^-tetradecenoic add, its chief saturated acid being 
m^^Tistic (62 per 'Cent.). | Atherton ^and Idieara, privately ) 
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physetoleic acid. In xSgS Ejubarsky isolated it from seal oil, and in 1906 
Bull obtained it in a comparatively pure condition from the mixed acids 
of cod liver oil, and confirmed its molecular composition as CiftH3o02- 
The name palmitoleic acid, in view of its content of sixteen carbon atoms 
in the molecule, was proposed by Eewkowitsch in 1906. From about 1924 
onwards the acid was observed as a regular component of many marine 
animal oils, in which it usually forms about 15-20 per cent, of the total 
fatty acids present. Its structure was established in 1925 as that of 
hexadecenoic acid by Armstrong and Hilditch,3^i7 who showed that its 
methyl ester, when oxidised in solutiorrim acetone by powdered potassium 
permanganate, gave good 3nelds of ^-h^t^oic and azelaic aci ds. In 1924 
Toyama stated that an acid of the formula €35113002 was’j^sent in the 
blubber of the humpbacked whale, Megaptera longimana Rudolphi, to which 
he gave the name zoomaric acid, Toyama isolated the same acid from a 
number of other marine animal oils (including some oils from Elasmobranch 
fish, such as rays and sharks and, in 1927, showed i-® that the products 
of disruptive oxidation of zoomaric acid from the oils of the humpback whale, 
sei-whale {BaleBnoptera borealis Less.), and other whales, and from cod liver 
oil, were in all cases ^-heptanoic and azelaic acids, so that zoomaric and 
palmitoleic acids are s3monymous. Other investigators have shown that 
the palmitoleic acid present in the head and blubber oils of the sperm 
whale,-®* seal Scottish cod liver and porpoise blubber 12^ 

is also A ® - ^®-hexadecenoic acid. In the meantime it had been demon- 
strated that palmitoleic acid, isolated respectively from seal oil,^^® cod liver 
oil,^^^ humpbacked whale oil,^^ and South Antarctic whale oil,ii^ yielded 
palmitic acid on hydrogenation, and thus belonged to the normal series of 
higher aliphatic acids. 

Since the hexadecenoic acid present in all marine animal oils so far 
examined has the same constitution, it seems desirable to refer to it by its 
systematic name ( A ® ~ ^®-hexadecenoic acid) and to allow the older and 
empirical terms palmitoleic " or “ zoomaric acid to lapse. The adjective 
palmitoleic might be thought to convey a suggestion that the acid is 
biochemically related to either palmitic or oleic acid, hut there is in fact no 
evidence yet available to determine whether this may be the case or not. 
Equally, “ zoomaric has now no precise significance, for A ^ • ^^-hexadecenoic 
acid is by no means the only characteristic add of the fats of marine animals, 
whilst it has now been demonstrated that it occirrs, in small or in laige 
proportions, in all classes of fats, vegetable and animal. 

A® : lO-Hexadecenoic add is, it is true, most abundant in fats of aquatic 
origin, but is not confined to those of aquatic fauna. Lovem has shown 
that the fats of fresh-water and marine and diatoms <x>ntain over 30 per 
cent, of unsaturated adds, in polyethenoid Cin adds are also 

present in addition to hexadecenoic add, aud. that the proportion of the 
latter in fredi-water fish and zooplanktoii is greater than in those of marine 
sp^fies;. 

The depot fats so far examined of amphibia and rutiles 

ccmtain n«uiy as much hexadec^Mi^ acid {8—15 per cent.) as the majority 
of fi«h fats, whilst depot fafe of rats and birds ■<x>ntain somewhat 
less (6-8 pOT cjmL). Similar pcopcatio®s. of A^*^®^bexadecenoic add are 
juesent in the fcer of the larger mammals (ox, sheep, p^), 

Imt in ccirresp9®Kiii^ depot feits the amount is smaller (2—3 per 

3^25 
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cent.). The milk fats of the cow 135 and the goat iss have also been 
shown to contain about 3-4 per cent, of A^*^®-bexadecenoic acid. 

Hexadecenoic acid is also, probably, a regular component of all phos~ 
phatides. In the liver phosphatides of the ox, sheep, and pig it is less 
abundant than in the corresponding liver glycerides, and forms only about 
5 per cent, of the total phosphatide fatty acidsA^s it amounts to about 
5-10 per cent, of the fatty acids present in the vegetable phosphatides 137 
of soya beans and rape seeds. 

Amongst the lower forms of land flora, hexadecenoic acid has been 
observed in quantity in the fats of diphtheria bacilli, 1^38 of yeast 1-39 and of 
the spores of a cryptogam (Lycopodtum) In the storage fats of the more 

developed land plants it has recently been proved that the following 
oils contain up to, but rarely more than, i per cent, of hexadecenoic 
acid : groundnut, 1^1 olive,i^2 teaseed,!^^ cottonseed, 1^3 soya bean,i4=3 and 
palm oils. 1^3 in the case of the acid from soya bean oil, its constitution 
was determined to be ' i^-hexadecenoic acid.i^^ 

A 9 : lO-Hexadecenoic acid (no other structural isomeride has yet been 
discovered in nature) has thus been found in fats from all kinds of living 
organisms ; but the most interesting feature of its occurrence is the cir- 
cumstance that it is a major component acid in fats from the lower forms of 
life and in those of the more developed forms of aquatic flora and fauna, 
whilst it is only present in very small amounts in the depot fats of land flora 
and fauna at the other end of the evolutionary scale. Moreover, in the fats 
of animals, a progressive diminution occurs in the proportion of hexadecenoic 
acid corresponding with the evolutionary development of the species. 
Hexadecenoic acid thus takes a place with oleic, palmitic, and perhaps 
stearic acids as one of the few fatty acids which appear to be common to 
all fats. 

Octadecenoic acids 

A number of structural isomerides of oleic acid have been reported as 
constituents of natural fats from time to time. Most of these have turned 
out to be cases of mistaken identity, and only two have siurvived the 
sorutiny of modem investigation, namely, petroselinic acid, characteristic 
of Umbelliferous seed fats, and vaccenic acid, which occurs in very small 
proportions in the milk and depot fats of the cow and possibly other 
h^bivorous animals. 

A®= 7 -Octadecenoic (pctroselmic) acid, CH3.[CH2]io.CH:CH.[CH2]4.COOH. 
Tim acid, which accompanies ordinary oleic and linoleic acids as a major 
component in seed fats of the families Umbelliferae and Araliaceae, was first 
noted in 1909 in parsley seed oil by Vongeiichten and Kbhler,^^^ who estab- 
IMe^ its structure by Baruch's method and described its chief properties. 
In the same year Scherer observed the acid in the seed fats of two other 
UmbeBat^ imisum and Fceniculum capillaceum) , and in 19x4 

Palazzo and Tamburelii showed that it was present in ivy seed oil 
(Ajialia€«ae|. Later work by Hilditfdi with Miss Jones and Christian 
on the fats of a large number of other Umbelliferpus species showed that 

it was present in all cases in amounts varying from zo to 75 per cent, of ihe 
mixed ackfe. The oon^tution of the acid from parsley seed oil has 

been confirmed by ozonolysis or permar^ianate-acetone oxidation by Eibner, 
WidenmeyCT and SohiMJ^® by HSditA and Miss Jones,!®^ and by van 

3 ^ 
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Loon,i&2 whilst the aniount (55 per cent.) of petroselinic acid in ivy seed oil 
was determined by Steger and van LoonA^^ 

Petroselinic acid melts at 30® and its lead salt, in common with those of 
other oleic acids which are solid at the ordinary temperature, is sparingly 
soluble in cold alcohol and ether. The acid is transformed, by contact with 
oxides of nitrogen, into an equilibrium mixture of the geometrical isomerides 
containing about 60 per cent, of frans^A^-^-octadecenoic acid, which melts 
at 53®. Oxidation with Carols acid peracetic acid 3delds a 6,7-di- 

hydroxystearic acid, m.p. 114-115°, whilst oxidation by dilute alkaline per- 
manganate produces an isomeric acid, m.p. 122°. 

^ii:i 2 _Octadecenoic (vaccenic) acid, CH3.[CH2]5.CH:CH.[CH2]9.COOH, 
was observed by Bertram,i55 who stated that it occurred to the extent of 
I per cent, in beef fat and 0*01 per cent, in butter fats, melted at 39°, and gave 
on oxidation w-heptanoic acid and a dicarboxylic acid COOH.[CHJg.COOH. 
Grossfeld and Simmer reported the presence of vaccenic acid in the 
following fats : butter (1—4*7 cent.), beef fat (i-6 per cent.), mutton fat 
{1—2 per cent.), lard (0*2 per cent.). Boeseken et alM'^ foimd that vaccenic 
esters are present in some quantity amongst the products of partial hydro- 
genation of elasostearic esters. 

It may be added that there is some reason to believe that the mono- 
ethenoid acids of whale oil include, in addition to much oleic acid, minor 
proportions of a structural isomeride or isomerides, the constitution of which 
has however not been settled, iss 

Eicosetioic acids, C20H38O2. 

A»*if>-Eicosenoic (gadoleic) acid, CHs.ECHajg.CHrCH.fCHslT.COOH, was 
first noticed by BuU in cod liver oil in 1906. It has since been found 
widely distributed in fish and marine mammalian oils, although not so 
abundantly as hexadecenoic acid (it probably rarely amounts to more than 
5—10 per cent, of the total fatty acids). Takano ^ 5 9 showed in 1933 that 
gadoleic acid from sardine oil possessed the structure, and Toyama and 

Tsuchiya subsequently found the same structure in the acid from cod 
Hver, herring, and whale oils ; the latter workers observed an isomeric 
(" gondoic * ) acid in the blubber fat of the pilot whale. 

^iizia^Eicosenoicacid, CH3.[CH2]7XH:CH.[CHa]9.COOH, has only been 
observed in the vegetable kingdom — ^in the unusual liquid seed wax of 
Simmondsia calif omica {cf Chapter IV, p. 14B). Here it is the chief com- 
ponent acid and, with minor amounts of eracic acid, is combined with a 
mixture of /!;^^i-eicosenyi and A ^^-docosenvl alcohols {cf. Chapter X, 
p. 360). 


Docoscndc amds, C22H42O2- 

^ 11 : la-Bocosem^ foeic^c) ^::id, CHs.[CH£]s*CH:CH.[CH2]9.COOH, 
accompanies gadoleic acid (usually in smaller proportions than the latter) 
in many marine cmOIs« Formrfy beloved to be identical with the 

-acid of v^^table it. was -^own by Toyama 1®^ to have the 
stmcture. 

is an 

important fatty acM wh^h, so far as is known at present, is con- 
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fined to seed fats of the natural families Cruciferse and Tropseolaceae ; in 
these, however, it appears to be widely distributed. It forms from 40 to 50 
per cent, -of the mixed fatty acids of rape, mustard seed, wallflower seed, and 
other Cruciferous oils, from which it may be isolated, according to Holde and 
Wilke,!®^ by precipitating as the sparingly soluble lead salt, followed by 
subsequent repeated crystallisation of the regenerated acids from alcohol in 
order to separate accompanying saturated acids. Taufel and Bauschinger 1^4 
recommend treating mixed rape oil fatty acids with sufficient lead acetate to 
combine with about 4 per cent, of the total fatty acids, and then to obtain 
the erucic acid from the uncombined part of the original acids by fractional 
precipitation as magnesium salt. Probably a better method than either of 
these is to precipitate most of the saturated acids as recommended by 
Taufel and Bauschinger, and then to convert the remaining acids into methyl 
esters and separate the erucic acid ester from the mixture of erucic, oleic, and 
linoleic esters by fractional distillation ; finally the erucic acid obtained may 
be further purified by recrystallisation from alcohol. 

A better source of erucic acid (at all events for laboratory purposes) than 
Cruciferous oils is nasturtium seeds.^®^ Although the latter only contain 
about 8 i>er cent, of fat, erucic acid forms 80 per cent, of the fatty acids of the 
latter, and may readily be obtained therefrom by fractional distillation of 
the methyl esters of the mixed acids, or even by simple crystallisation of the 
latter from 70 per cent, alcohol- This seed fat contains nearly 40 per cent, of 
trierucin, which, again, may be isolated from it by direct crystallisation. 

The pure acid melts at 33'5° and has an iodine value of 74*7. Like other 
higher mono-ethylenic acids which are solid at the ordinary temperature, erucic 
acid yields a lead salt which is sparingly soluble in ether and alcohol. On 
isomerisation with oxides of nitrogen it yields trans- A • ^^docosenoic acid, 
brassidic acid, which melts at 60°. Oxidation of erucic acid by peracetic acid 
or by Caro’s acid yields a 13,14-dihydroxybehenic acid, m.p. 99—100°, whilst 
alkaline permanganate oxidation produces an isomeric acid, m.p. 130— 131°. lee 
Green and Hilditch showed that, on further oxidation with aqueous alkaline 
permanganate, the 13,1 4-dihydroxy behenic acids (like the 9, lo-dihydroxy- 
stearic acids, p. 321) undergo scission into oxalic acid, ^-octanoic acid and sebacic 
acid (C00H-[CH4] j^-COOH), but that they are attacked with much greater 
difficulty than the 9,10-dihydroxystearic acids. Kaufmann and Fiedler 
state that this difference in ease of oxidation can be employed as a means of 
determining erucic acid in a mixture of the latter with oleic and linoleic acids : 
the mixed acids are oxidised with aqueous alkaline permanganate solution under 
p»K^uibed conditions which permit the erucic acid to be determined as dihydroxy- 
behenic acid, the oleic and linoleic acids having been completely converted into 
water-soluble mono- and di-carboxylic acids. 

The coostitutioual formula of erucic acid follows from the facts that on 
catalytic hydrogenation it passes completely into behenic acid and that on 
oxidatioii it 5delds a mixture of «-nonanoic acid and brassylic acid, COOH. 
[CHal^t.COOH 

Tetrmmsemdc mdd. 


add, CHs-ECH^lT-CHrCH. 
[CH^Sis-CCK^H, seems to be a diaiactraristic component of the fats of many 
Eiasmobrandh fi^, but it has not been noticed in Teleostid fish or in marine 
mammalia ; it was first reported in 192^, by psulimoto (seiacholeic acid), 
who determined its constitution. In. the same year Klenk isolated the 
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same acid (which he termed nervonic acid) from the cerebrosides of brain 
tissue, and also established its structure. In 1930 Hale, Lycan, and 
Adams synthesised the A • ^^-tetracosenoic acids by condensing erucyi 
(^i 3 :i 4 .docosenyl) iodide, with malonic 

ester. Hydrolysis of the product gave a mixture of acids of the structure 
CH3-[CH2]7*CH:CH.[CH2 ]i 3.COOH ; one, melting at 39°, was identical with 
the natural selacholeic and nervonic acids, and the other, m.p. 61®, was the 
trans- form corresponding to the cis- acid of m.p. 39''. 

Hexacosenoic acids, C26H50O2. An acid (“ ximenic acid) of this com- 
position, of unidentified structure, has been observed by Puntambekar and 
Krishna 1^2 to accompany the saturated cerotic acid (C26H52O2), each forming 
about 15 per cent, of the component acids in the seed fat of the Indian shrub 
Ximenta americana (Olacaceae). 

Hydroxy-monoethenoid Acid 

12-Hydroxy- AQ*i<^-octadecenoic (Bicinoleic) acid, CH 3 .[CHg] 5 .CH(OH). 
CH2.CH:CH.[CH2]7-C00H, forms over 80 per cent, of the mixed acids of 
castor seed oil (Ricinus communis)^ in which it was apparently discovered by 
Saalmuller .^73 jt has also been reported from time to time as a very minor 
component of certain other oils, but it is doubtful whether it occurs very 
frequently in quantity in nature apart from Ricinus species. Gurgel and 
de Amorim have stated that licinoleic acid forms about 47 per cent, of the 
mixed fatty acids of ivory wood oil, the seed fat of Agonandra brastliensis ; 
according to Margaillan,!^^ the oil of Wrightia annamensis also contains as its 
chief component a hydroxyoleic acid probably identical with ricinoleic acid. 

Ricinoleic acid melts at 5® and is optically active ([a]i>-h6*7). The lead salt 
of the acid is soluble in ether but very sparingly soluble in light petroleum. When 
the acid is treated with oxides of nitrogen it is partially transformed into the 
trans- isomeride, ricinelaidic acid, m.p. 52—53®, [alj>-f-6-7. Oxidation of ricin- 
oleic acid by alkaline permanganate yields two 9,10,12-trihydroxystearic acids, 
m.p. no— III® and 140— 142°.^’* More energetic oxidation of ricinoleic acid 

with potassium permanganate leads to the production of azelaic acid 
(Maquenne,^’^’^ 1899), which indicates that the double bond is in the 
position. Destructive distillation of the acid, or better of its sodium or calcium 
salt, produces a mixture of cenanthrddehyde and A^’^-undecenoic acid 
(Goldsobel, 1894 ; Vernon and Ross,!’''* 1936), which indicates that the hydroxyl 
group is attached to the twelfth carbon atom from the carboxyl group : 

CHj,.[CHj1s.CHO i-CHa:CH.[CH Jg.COOH. 

7^i®:ii_undecenoic was formally synthesbed for the first time by 

Gaubert, Linstead, and Kydon in 1938. 


Cyclic Mono- (and Di-) ethenoid Acids 

A small group of acids, characterised chemically by the presence of a 
cydopentenyl ring-system 

\cH- 


in the fatty acid chain, is found in quantity in the seed fats of Hydnocmpus 
and a few other genera, of the tropical family Flacourtiacese (Chapter IV, 
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p. X44). These fats are also specific in their therapeutic value in the treat- 
ment of leprosy and some other diseases. The acids in question are hydno- 
carpic (C16H2SO2), chaulmoogric (C18H32O2), and gorlic (C18H30O2) ; they 
are all optically active (dextrorotatory)- Chanlmoogiic acid is probably the 
most abundant of the three, but hydnocarpic acid is also an important com- 
ponent of these seed fats in some cases ; these two acids are mono-ethenoid. 
Gorlic acid is di-ethenoid, and accompanies chaulmoogric acid in lesser pro- 
portions in some of the Flacourtiaceae seed fats. The structural formulae of 
the acids are as foEows : 


Hydnocarpic 

1 1- A“-Cyclopentenyl-w-undecanoic 
2 

CHa '^CH.ECHJio-COOH 

I I 

C H CH 

M.p. 59-60° 

[a]B-h68° 


Chaulmoogric 

X3- A ^-Cyclopentenyl-in-tridecanoic 

^CH2 

CHs ^^CH.[CH2 ]i2.COOH 

CH > = CH 

M.p. 71° 


Ci 8 F[ 3 o 6^2 

Gorlic 

A“-Cyclopentenyl- A®;’ 

^CHs 

CHs '^CH.[CH2]5.CH:CH.[CH2]4-C00H 

1 I 

C H CH 

liquid 

[a]i>-l-6o° 


The chemical constitution of chaulmoogric acid (and of the nearly related 
hydnocarpic acid) was first studied exhaustively in 1904—1907 by Power and 
Barrowcliff who showed by systematic investigation of the products of 
oxidation with permanganate and other reagents that, amongst other acids 
the following products were obtained in the case of chaulmoogric acid : 
1, 14-tetradecane-di-acid, COOH.[CH2 ]i 2-COOH ; 1,4, zy-heptadecane-tri- 

acid, COOH.[CH2]2-CH(COOH).[CH2 ]i 2 COOH ; 4-keto-i, zy-heptadecane- 
di-acid, COOH-[CH2]2.CO.[CH2]i2-COOH. From these reactions Power 
and Baxrowdifi concluded that the structure of chaulmoogric acid was 
best represented as a tautomeric mixture of the cyclopentene derivative 
shown in the above formula with the cyclopropane compoimd : 


CHs-CH 

I I ^H.[CHyi2-CCX>H 

Latex Siriner and Adams,^x ais a result of further study of the reactions 
and deccMnposticm products of chaulmoogric acid, showed that it was satis- 
factorily repxesented by the cydopentenoid formula alone, and in Z927 
Pexkins and Crum succeeded in s3nithesismg racemic chauhnoogric add 
by condradng zz-cyano-undecai^icacid, CN.[CH2]io.COOH, wfith acetoacetic 
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ester and subsequently condensing the reaction product with sodium and 
j/^2.chlorocyclopentene when the compound 

CH = CH CO.CH3 

^CH.C.CO-CCHJjo-CN 

CHa— CH2 COOC2H5 

was obtained ; on hydrolysis this gave a 37ield of about 30 per cent, of the 
keto-acid 

CH=CH 

^H.CHa.CO.CCHJio.COOH 
CHa— CHa 

which, by reduction with hydrazine and sodium ethylate under pressure, 
was converted into £f/-chaulmoogric acid. 

Hydrogenation of chaulmoogric acid 3delds the optically inactive dihydro- 
chaulmoogric (13- A^-cyclopentyl-w-tridecanoic) acid,i 83 m.p. 71-71-5®. 

The di-ethenoid gorlic acid contains an additional double linking in the 
aliphatic chain. It was first detected by Wrenshall and Hean in 1924, 
whilst in 1928 Andre and Jouatte iss showed that it formed about 10 per cent, 
of the acids of gorli seed oil. Its structure as a A®*^”tridecenoic acid was 
proved in 1938 by Cole and Cardoso.^® 

Acetylenic Acids 

Although several acetylenic (ethinoid) acids have been artificially pre- 
pared from the corresponding natural acids of the oleic series (notably 
^9 : lo^octadecinoic or stearolic acid from oleic add), their occurrence in 
nature is very rare and confined to one or two instances. 

A®*^-Octa<iecmoic (Tariric) add, CHs.CCHJy.C JC.ECHJy.COOH, is the 
only well-defined example of a natural a<^tylenic add, and this has only been 
observed in seed fats of the Central American genus Picramnia (Simarub- 
acese). Amaud,!®’^ in 1892, first reported it in the seed fat of P. Saw (tariri 
fat) ; he obtained lauric and adipic adds fr om it as the result of oxidation, 
and ascribed the above structure to the add. In rpio Grimme ^ stated 
that the add was present in the seeds of P. Carpenierm, and, in X912, that it 
formed about 20 per cent, of the component adds of the ^ed fat of P. 
Linderiana. In 1933 St^er and van Loon showed that the fat from 
P. Sow contained over 90 per ccmt. of gl57DOTdes of taiiric add, the only other 
components being saturated adds ; they also confirmed the constitution of 
the add (by oxidation with ozone). 

A ® s^rid has been found by St^er and van 

Locrn ^®® (1937) to be a major component of the seed fatty adds of 
Ongohea G^e (Olacac^ae) ; these Workers estatfched the pr^ence of unsat- 
uration in the A® and A^ positions (by oxidation), and also demonstrated 
the presence of one ethenoM and one ethinoid group, but were unable to 
state which unsaturat^ group is present in dther position. 

POLYETHENOED AcaTC.WiM TWO LtolJBLE BONDS 

Th^» haw 'imm. defii^ety reoc^^Eiised so far in the Gsuse of the adds 
of the C|» series ; and here, until recently, it was considered that the only 
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representative was linoleic acid, one of the four possible geometrical forms of 
^9:10, 12 : i 3 _octadecadienoic acid (probably the cis A^^~isomeride) : 


CH3.[CH2]4.CH 

II 

HC.CH2.CH 

HC.[CH 2 ] 7 .C 00 H 
9 cis-~X 2 cis 

CH3-[CH2]4.CH 

II 

HC.CHo.CH 


HOOC.CCH2l7.CH 

9 irans—xi 2 cis 


CH3.[CH2]4-CH 

II 

HC.CH2.CH 

il 

HOOC.ECH2l7.CH 
9 cis—X2. trans 

CH3.[CH2]4LH 

II 

HC.CH2.CH 

II 

HC.ECH217.COOH 
9 trans~X 2 trans 


Recent work has, however, made very doubtful the existence of more than 
minor quantities of octadecadienoic acids in fats of aquatic origin, and has 
also failed to show the presence of the typical linoleic acid of the land vege- 
table kingdom amongst any octadecadienoic acids present. It has become 
equally clear that the characteristic octadecadienoic acid, which usually 
accompanies oleic acid in minor amounts in land animal fats, is not linoleic 
acid/* although it is most probably another form of the A® i2:is_octa- 
decadienoic acids. It is generally considered at present that the small 
amounts of ** vegetable linoleic ’* acid which in some cases are also present 
in the fats of higher land animals have most probably been assimilated from 
ingested vegetable sources, and not produced by the animal. 

(? cfs-c«s)- ^-‘12-Octadecadienoic or linoleic acid is practically as 
widely distributed in the v^etable kingdom as ordinary oleic acid ; it 
appears to have first been recognised as an individual acid by Sacc in 
1844. In many vegetable fats its amount is subordinate to that of oleic 
acid, but, of course, in the “ semi-drying and drying ** classes of seed 
oils it is a major component of the mixed fatty acids. Linoleic acid is 
liquid at ordinary temperatures and forms a lead salt comparatively freely 
soluble in ether and alcohol, and a lithium salt soluble in affiohol and, to a 
l^s extent, in acetone. Its isolation in the pure condition is therefore not 
easy by any simple physical method ; but Brown and co- workers have 

shown that by crystallisation from solvents at very low temperatures it is 
possible to separate linoleic from oleic acid and to obtain a degree of purity 
of over 90 per cent, in the linoleic acid so obtained. They recommend, in 
the case of maize oil fatty acids, a preliminary crystallisation from acetone 
at — 20® to remove saturated acids, and further crystallisation of the 
unsaturated aods (in 7-5 per cent, solution in acetone) at — 50° to remove 
oleic acid {p. 33:5). The residual solution of acetone-soluble adds is cooled 
to — 70® and the adds then separated tontain about 93*5 ceh^. of linoleic 
add. The linoleic add isolated was apparently 30-^5 per cent, of Aat preseat 
in the original maize oil. ‘I 

The only other — and hifclidrto usually adopted — ^method of obtaining a 
pure linoleic add is to add hromiiie to the imsaturated adds of a seed fat, 
when nearly half of the linolele add is converted into a crystalline tetxa- 
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bromostearic acid, m.p. 114^, which is insoluble in light petroleum. Debro- 
mination of this product with zinc 3delds a so-called a '"-linoleic acid ♦ 
which, at the hands of several workers, has been shown by ozonisation or 
permanganate- acetone oxidation to be entirely ^^-^^-octadecadienoic 

acid. 

This “ a "-linoleic acid, when re-brominated, again gives slightly less 
than half the theoretical yield of crystalline tetrabromostearic acid, the 
remainder being a liquid form (or forms) of tetrabromostearic acid freely 
soluble in light petroleum. Debromination of these soluble products 
furnishes the so-called ^ '’-linoleic acid,’*' which is probably a mixture of 
acids of, at present, somewhat uncertain composition, but in which other 
geometrical isomerides of ^^'^^-octadecadienoic acid are doubtless the 

main constituents (see below). 

On oxidising either seed fat or regenerated a '’-linoleic acid with aqueous 
alk aline permanganate (Hazura a mixture of two tetrahydroxysteaiic 
(sativic) acids results, one of which melts at 171— 173® and the other at isy— 
i59°-t 

The constitution of the linoleic acid in linseed, cottonseed,^®®, soya 
bean,^®*^ p<>ppy seed,!®^ and groundnut oils has been determined by ozon- 
isation or permanganate-acetone oxidation, whilst that from many other 
seed fats has been shown to yield the same “ a ''-tetrabromostearic acid 
m.p. 1 14®, and the two sativic acids just mentioned ; so that it is reasonably 
certain that linoleic acid from all these vegetable fats is the one form of 
^9 : 10, 12 : i 3 „octadecadienoic acid. 

The stereochemical configuration of the natural vegetable fat linoleic acid 
is less certain, although it is perhaps now more or less agreed that only one 
form occurs naturally, and that this is probably the cfs 

The production of two tetrabromo- and two tetrahydroxy-stearic acids from 
linoleic acid led Bedford in 1906 to conclude that two isomeric and 

p "-) linoleic acids were originally present, but in 1909 Roliett showed that 
the a ''-linoleic acid regenerated from the cy’^stalJme tetrabromo-acid again 
yields a mixture of liquid and solid tetrabromostearic acids, and therefore con- 
cluded that a single natural isomer was concerned, which, on bromioation, gave 
two tetrabromostearic acids each related to a different geometrical isomeride of 
the octadecadienoic acid. Nicolet and Cox in 1922 showed that, by addition 
to hypocdilorous acid and subs^juent treattment with alkali, seed fat linoleic 
acid gives, not the above two " sativic " acids, but small 3rields of two other 
tetrahydroxystearic adds, m.p, 144® and 135®- By con^dering the various 
parts of isomeric tetrahydroxystearic adds possible from the four geometrically 
isomeric forms of the octadecadienoic add (p. 332)» and with the further assump- 
tion that (as is known to be the case with the dibromostearic adds from oleic and 
ilaidic adds) no change of configuration occurs during addition of bromine for 
its sut^equent removal) at the position, Nicolet and Cox concluded that 

(taking oleic acid as the cis- form J) the natural linoleic add must be a mixture 

* It shouM be emphadsed^ that the division of natural lino|dc and linolenic 
adds, as frequently imactisfed^ by investigators in this field,' into ** « and 

** p "-forms ao' striiictiiral 'dgnificaiice, and only means that the ** ® "-acid 
is that which has been isolated in. tlie -firnn -of a ^crystalline, insoluble broino- 
addimt, the so-called'" p "-add representh^'tiie remainder, 

f Aocmrding to Birosel,^'** supported by ]R|:einettsdineid^ ei cd.,^ the .add 
melting at 157-159*^ is a eut^ffic mixture of that mdting at 173® with an add of 
m.p. 163-5®, 

I Hi<x>fcet and 0 >x naturally, at the time oi thdr work, assumed oleic to be the 
frams-acid ; thdr argument is here expressed in terms of the present view that 
is tile ,a, * * ^-ociaideDeiiQic add 



CHEMICAL CONSTITUTION OF NATURAL FATS 

of the following forms: cis and. 

’d.G^CrSLidLi.on^yxo JELoxci 

In 1931 Snzuki and co-workers 202 studied tke partial debroroination of di- 
and tetra-bromostearic acids, and (by oxidation) the constitution of the dibromo- 
octadecenoic acids so obtained from tetrabromostearic acid, and finally reached 
the conclusion that a "-linoleic acid was the cis and “ p 
linoleic acid the trans arts isomer. (The details of the arguments, 

in both Nicolet and Cox's and Suzuki's work, are very intricate, and it is not 
practicable here to give them completely ; the original papers should be con- 
sulted by those who require a complete statement of the case.) 

In 1935 Oreen and Hilditch pointed out (i) that the combined yield of 
tetrahydroxystearic acids, m.p. 173'' and 157 that of the crystalline tetra- 
bromostearic acid, was of the same order from seed fat or from regenerated 
a ''-linoleic acid ; (ii) that peracetic acid oxidation of linoleic acid gave small 
yields of the two tetrahydroxy-acids, m.p. 144° and 135° (obtained in an impure 
form^ m.p. 126°), obtained by ISTicolet and Cox ; (iii) that regenerated “ p 
linoleic acid gave only insignificant yields of the tetrahydroxy-acids, m.p. 173° 
and 157°, on alkaline oxidation ; and (iv) that, after treatment with oxides of 
nitrogen, the partly isomerised “ a. "-linoleic acid gave only small yields of the 
latter tetrahydroxy-acids, but gave in addition traces of that of m.p. 144°. 
These workers concluded (i) that the linoleic acid of seed fats is confined to one 
geometrical isomeride ; (ii) that the latter undergoes isomeric change during 
bromination or oxidation ; (in) that the p "-linoleic acid is more than a mixture 
of other forms of ^=^®’-octadecadienoic acid and may include, in part, 

products which have undergone more profound modification than cis-trans 
isomerism ; (iv) from the behaviour of “ elaidinised ” linoleic acid, that inability 
to afford the tetrahydroxystearic acids of m.p. 173® and 157° is not necessarily 
evidence of the absence of A®*^®'^'’^®“OC‘ta^®ca'dienoic acids; and (v) from the 
behaviour of ** a "-linoleic acid to acidic and alkaline oxidising agents, that the 
two pairs of isomeric tetrahydroxy-acids obtainable do not bear to each other 
the simple, inverse relationship apparent in the parallel case of oleic and elaidic, 
and their corresponding dihydroxy stearic, acids. 

In 1938 McCutcheon reinvestigated and recapitulated the evidence for 
the tetrabromo- and tetrahydroxy-stearic acids obtained by different procedures 
from !^ed fat and regenerated a "-linoleic acids but whilst concluding, as in 
the preceding instance, that the two pairs of tetrahydroxy-acid isomers bear no 
^mple relationship to each other, he also held that the weight of evidence was 
still in favour of the existence of two geometrical isomers in the natural linoleic 
acid. 

Brown and Frankel showed in 1938 that their maize oil linoleic acid, 
prepared by crystallisation from acetone at — 70°, gave 96 per cent, of the yield 
of " a "-tefeabromostearic acid, m.p. 114'^, given by regenerated " a. "-linoleic 
acid ; they conclude that seed fat and a "-linoleic acids are identical. 

Finally, reference may be made to three very recent studies (1939) of linoleic 
acid and its tetral^romo- and tetrahydroxy-derivatives. 

Riemenschiieider, Wheeler, and Sando have confirmed that only two tetra- 
bromostMtric acids (m.p. 115° and liquid) and only two tetrahydroxystearic 
acids (m.p. 174^ and i63-5®) are obtainable from either natural, regenerated 
" m "-ImoMc, or r^enerated " p "-Hnoleic acids. They conclude that all three 
acids are steareochemically idenidcal, in view of their findings that the yields of 
crysrialMiie tetrabromostearic atdd from natural and " a "-linoleic acid Were 
over 45 per oant. of the theoretical, whilst that from their '* p "-linoleic acid 
vras 36*7 p€x csenti The deficit in yield from the p "-linoleic acid is presumably 
atfanbuted to the fexmation of a certain amonnt of structurally isomeric octa- 
decstd^ieic acids during debmmination of the liquid tetrabromostearic acid. 
It will be observed that the yield of 36*7 per cent, of crystaMne tetrabromostearic 
acid is much grater than that {24“-25 per cent.) recorded by oiher workers (^ide 
infru), '"V . '* '■ 

Kass and Burr isomeri^d linoleic acid, with oxides of nitrogen * ® or with 
selemum,^^ and i^^lated from the ;^oduet ; 

(i) A ciystalliiie linoleic acid, m.p- 28—29®, which hliiburited to id per c^t. 
or more of the whole product, gave an insoluble lead salt, jdelded equal parts of a 
new crystalline tetrabromc«tearic arid, m.p. 78®, and of a liquid tetrabromostearic 
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acid, and gave on oxidation a mixture of two tetrahydroxystearic acids, m.p. 
(sharp) 122^^ and 146° respectively ; 

(ii) A liquid isomeric linoleic acid, which was submitted to a lead salt separa- 
tion in order to remove the crystalline isomeride still present (with about 5 per 
cent, of conjugated acid by-products). The liquid linoleic acid obtained from 
the soluble lead salts gave no crystalline tetrabromostearic acid, and on oxidation 
furnished two tetrahydroxystearic acids, one melting at 1 56-1 5S® and the other 
at 126—127® (not identical with that of m.p. 122® above). 

These authors point out that isomerisation of both ethenoid bonds in linoleic 
acid could produce two or all three of the remaining isomers, but that their data 
suggest that linoleic acid is either totally converted or is present in the product 
in quantities too small for detection by addition of bromine or by alkaline oxida- 
tion. They conclude that the original linoleic acid has been completely changed, 
but only into two of its possible isomerides (m-p. 2S— 29®, and a liquid form), and 
explain this by the assumption that the A® '^°-linkage may elaidinise alone, but 
that the A^'^®-t>ond cannot isomerise without the previous or simultaneous 
isomerisation of the A®'^®"bond. 

According to Kass and Burr, therefore, only the fourth possible member of 
the acids remains to be isolated or characterised. 

Hilditch and Jasperson have re-examined the older observations, and also 
studied linoleic acid and its esters after isomerisation with selenium, with the 
following chief results : 

(a) The linoleic acid in unsaturated esters from cottonseed oil, and also 
regenerated " a -linoleic acid from ** a **-tetrabromostearic acid, gives closely 
similar yields of the " a '’-bromostearic acid m.p. 114°, and the two tetrahydroxy- 
stearic acids, m.p. 173® and 157® ; 

(&) a "-Linoleic acid gave 45-4 per cent., " p "-Hnoleic acid 24 per cent., and 
isomerised (Se) ** a ^’-linoleic acid o per cent, yields of a "-tetrabromostearic 
acid, m.p. 114®- 

(c) On alkaline oxidation, " a "-linoleic acid gave 50 per cent., and " p *'*- 
linoleic acid 18 per cent- yields of the combined tetrahy^oxystearic acids of 
m.p. 173® and 157°; isomerised (Se) “ a "-linoleic acid gave only 2 per cent, 
yield of acid m.p. 155®, and no acid m.p. 173®. 

{d) On alkaline oxidation, neither ** <t nor " p "-linoleic acids gave any 
tetrahydroxystearic acids m.p. 144® and 134®, but isomerised a "-linoleic acid 
gave a combined yield of 18 per cent, of these acids. 

Hilditch and Jasperson conclude (i) that " ct "-linoleic acid and the natural 
seed fat linoleic acid are identical, and are the cis A * • ^^-cis A * ^-acid ; (ii) that, 
on addition of bromine, this acid yields equal parts of tetrabromostearic adds 
corresponding with the cis and ds A ^ A ^ = ^^-acids : 

(iii) that the " p "-tetrabromc^teaxic acid reverts, on debromination, into an 
equal mixture of ds w^^ilst the 

" a "-tetrabromostearic acid is not stereochemically altered during debromin- 
ation ; (iv) that it seems prot^ble that isomerisation of " ce "-linoleic (c£s 
A“*^) add by selenium at 220® results in almost complete couverdon 
into the A“*-^-add ; and (v) that " ^ 4 i^id consists 

to a very large extent of A®*^®* ^-^^^-octadecadienoic adds. 

The percentage yields of theory of tetrabromo- and tetrahydroxy-steaxic 
acids recorded by th^e authors may be given for comparison in tabular form : 

TkrRA«ROIk«>- TlETILAJaYI>i^ncVST«AJRIC Acso® 
^c»yRic AcBD' M-F. M-F. MJP, M.F. 

Fkcm : M.F. 114® 173® 157® 145® 134; 


Natmal feidkac acM {cc^oMecd, . 
licqgpowcatod ^-llptolelc add 
Isomerii^d ** a 
Re®eaE«iie<i “ *“ 

Iscxnerfeed ** p 


50-3 

'48^7 

nil 

45-4 

MhS 

nd 

oil 

1-7 

18-6 

23-9 

18-2 


Oiil 

nil 



♦ R^>eat experimoats with ** P ’^-linol^ add gave 25 8, 21-4, aoMi 21-4 per cent, yfelds 
theo ry of fho tctialaroniosteajrikj add, imp. 1 14®, and 1 7-7 per OMit. y»Id of tiKs oorntw^f 
tohahydroxysteaiic adds of m.p. 173® aiwi 157®. The highor yMd (M-S p<x cmt.) 
<xy^aIEine tetrahriHnosteaoc bcM mentkmed by Ri^iiciischndte' ef of.*®* cxmld kH be 
; Rdlett *®® afeo lecords a yield of 26-2 per oout. of feemy of the adf, m.p. 
1 14®, from regenerated ** p *^-linol^ stci^ 
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It is evident that the results of these three latest studies, whilst in general 
agreement, vary in points of detail, both as regards factual observation and 
interpretation of the data obtained. 

An octadecadienoic acid should yield tetrabromo- or tetrahydroxy-stearic 
acids with four asymmetric carbon atoms, and therefore sixteen optically 
active or eight racemic possible forms. It is curious that only four tetra- 
hydroxystearic acids have yet been produced from linoleic acid, and still 
fewer definite tetrabromostearic acids. Riemenschneider et suggest, 

however, that only two racemic isomers (tetrabromo- or tetrahydroxy- 
derivatives) would result from cis-addition, first to the A^“'^^-linking, and 
then to the A®-^®-linking, of one form (e.g. the A^^-^^-acid), 

according to the following scheme ; 


(I) H— O-CHa— CH 
ii 

HOOC— CH 


Probable 
first step in 
bromination or 
oxidation 


CHa 

[aH[d 4 
H— C-X 

I 

H— C— X 


CHa 
[CHJ, 
H— C— X 


H— C— X brora- H- 


H— C—H (and)H- 

I j and 

H—C— X X--C~^H oxida- 

1 } ation 

H— C— X X— C— H 


1 1 

CHa CH, 

[CHJ, [CHJ, 

H— C— X X— C— H 

j Further 
X X— C—H brom- 
j ination 1 j ination 

H— C~H(and)H--C— H s- 


[CHd^ 

CXX>H 

cm 


ICHd, 

COOH 

(V) 


C~H 

li 

C—H 

1 

[CHd, 

COOH 

ai) 


H— C 
H— C 

COOH 

(in) 


CHa 

CHa 

[CHd4 

[CHd, 

X-i-H 

j 

X — C— u 

X— C— H 

j 

X— C— H 

J 

H— C— H 

J 

(and) H— C— H 

1 

H— C— X 

X— G~H 


— C— X X— C— H 

1 f 

[CHd^ [CHd, 


COOH 

COOH 

(VI) 

(VB) 


The end-products (IV) and VII) are optical isomers and constitute a 
racemate, whilst (V) and (VI) represent a second racemate. 

The present position is jierhaps summed up fairly by saying that there 
seems considerahle likelihood that seed fat linoleic acid is 
A 12 . 3 i®-octad«:adienoic acid^ but that much still remains to be understood 
with regard to the nature of the configurational changes which set in during 
addition of halcgeii, oxidation, and isomerisation. 

Odicr oct^ec^iteiK^ acids (aquatic and animal fats). Although it 
was more or less tacitly assumed at one time that linoleic (or other octa- 
decadiraioic) add accompanied oleic add in fair quantity in fi<^h and similar 
fats, there seems to be no record of the' isolation of the. characteristic tetra- 
bromo- or tetrahydroxy-adducts of ordinary (seed fat) linoleic add in th^^^ 
ca^s- Moreover, Green and Hilditdi^^®® Showed that the unsaturated Cjg 
adds of cod liver oil and whale oil consife^d mainly of oleic with poiyethenoid 
(^18 (probably octadecatetraenoic) adds, and that octadecadienoic adds did 
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not amount to more than about lo per cent, of the unsaturated group ; 
further, ordinaiy linoleic acid was not detected. 

In cow milk fat, the absence of any but minute amounts of ordinary 
(seed fat) linoleic acid has been pointed out by Hilditch and Jones 207 (1929) 
and by Bosworth and Brown lo® (1933) and Eckstein ^os (1933). Green and 
ElLiditch,20» however, proved that the excess unsaturation over mono- 
2thenoid in butter fatty acids is due to octadecadienoic acids (probably other 
geometrical isomeric forms of seed fat linoleic acid) and this was confirmed 
3y selenium isomerisation of butter imsaturated Cig acids by Hilditch and 
fasperson,^!® who also showed that no conjugated octadecadienoic acids are 
>resent in butter fat (see also Chapter III, p. 99). 

The liver and depot fats of oxen and sheep (and probably other similar 
uiimals) contain small quantities of C^g acids more unsaturated than oleic, 
vhich are for the most part octadecadienoic acids. They are similar to the 
orresponding cow milk fatty acids in their non-response to the tests for 
►rdinary or seed fat linoleic acid, and are probably similar to the butter 
octadecadienoic acids in structure (see also Chapter III, pp. 78, 90) 
Hilditch and Shorland,i33 and Longenecker i®^). 

POLYETHENOID ACIDS WITH ThEEE OR FoUR DOUBLE BONDS 
(Vegetable Fats) 

It is convenient to discuss the polyethenoid acids with more than two 
ouble bonds according to their occurrence in the vegetable or animal 
ingdoms, because the constitution of the acids is fundamentally different in 
le two categories in question. 

In the vegetable kingdom, at the time of writing, polyethenoid unsat ura- 
on is confined to acids of the Cjg series, and the structure of the acids is 
3nerically simitar to oleic, linoleic, or petroselinic acids in that they contain 
le or more of the groupings =CH.[CH2]7.COOH, =CH.CH2.CH==, or 
=CH.[CH2]4.C00H. These acids can be further divided, however, into two 
lb-groups, depending upon whether they contain a conjugated unsaturated 
rstem. 

.) Non-conjt(gated poly- (iri-) eihemnd acids, C18H30O2 

^ 9 : 10 . 12:13, i5:i6_Octadecatritooic (lin^denk:) add, CH 3 .CH 2 .CH:CH. 
H[2-CH:CH.CH2.CH;CH.[CH2]7.C00H, is the most usual form of tiiethenoid 
8 add found in seed fats. It is, of course, most familiar from its occurrence 
linseed oil, of the mixed fatty adds of which it forms about 40 per cent. ; 
also occurs in var57iiig but appreciable proportions in most of the v^etabie 
ying oils, notably peiilla, hemp, pine seed, walnut seed, rubber seed, etc. 
does not seem to have been reoc^^ni^d as a separate add until Hazura 
elated it in Like hnoleic add, linolenic add yields a mixture of 

pstalline and liquid or low meltii^ h^sabromostearic adds when treated 
th bromine .^2 The crystalline liexat^nK^earic add (insoluble in 
ler) melts at 180--181® and, on debrominatioii again yields a linolenic add 
uch, on bromination, again fumisi^ both crystalline and liquid hexa- 
>mo-derivativeSw The behaviour of Jinoienic acM in this respect is thus 
a.ctly poralM with that of linoldc acid, and the same arguments have been 

sed as to the implication of the^ r^ults ; similarly, the crystalline 

hexahromcKtearic add has frequently bem taken to derived from an 
a-linoloiic add,'' that obtained from pie remaining more soluble and lower 
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melting hexabromo-derivatives being termed /S-linolenic acid/' Erdmann, 
Bedford, and Raspe submitted the ethyl lixiolenate obtained by debro- 
minating the crystalline hexabromostearic acid to ozonisation and isolated 
propion aldehyde, malonic acid and mono-ethyl azelate from the products of 
the reaction, which thus afforded proof of the structure of the acid ; this has 
been confirmed on several occasions by later workers,^!^ and also by per- 
manganate-acetone oxidation of partially hydrogenated methyl linolenate.i®® 

Linolenic acid, when oxidised with alkaline permanganate, yields two 
hexahydroxystearic acids w'hich have been termed respectively linusic 
(m.p, 203°) and tsolinusic (m.p. i 73 “ 3 ; 75 ‘^) ^Le latter is more soluble in hot 
water than linusic acid.^^s 

Shinowara and Brown have shown that by crystallising an 8 per cent, 
solution of the mixed fatty acids of linseed or perilla oils in acetone at — 20° 
and then at — 45° (to remove saturated, oleic and as much linoleic acid as 
possible), and then further cooling the mother liquor from the last operation 
to — 60° and — 75°, crystals (ii— 13 per cent, of the original total acids) are 
obtained which contain about 75 per cent, of linolenic acid. Further repeated 
crystallisation of this product from dilute solutions in light petroleum at 
— 55"^ — 65° gave crystal crops containing 85—88 per cent, of linolenic 

acid. 

These products gave similar, or slightly higher, yields of the crystalline 
hexabromostearic acid, m.p. 181®, compared with those obtained from 
regenerated ** a. "-linolenic acid prepared from the latter hexabromo-adduct. 

^6:7, i 2 :J 3 . 0 ctadccatrienoic acid, CH3.[CH2]4*CH:CH.CH2.CH:CH. 
CH2.CH;CH.[CH2]4.C00H, This structural isomeride of ordinary linolenic 
acid has only been observed in the seed fat of CEnothera biennis (evening 
primrose), in which it was first noted by Heiduschka and Liift.^i^ jt yields 
a hexabromostearic acid (m.p. 169^) and a hexahydroxystearic acid (m.p. 
245°) ; Eibner, Widenmeyer and ^hild have studied the oxidation pro- 
ducts of this acid and find that the double bonds lie between the 6th and 7th, 
gth and loth, and 12th and 13th carbon atoms, so that the acid may be con- 
sidered to have the same structural relation to petroselinic acid that ordinary 
linolenic acid has to oleic acid. 

“SantaMc ” add, CisHgoOg, a solid acid forming nearly half of the seed 
fatty acids of Santcdum alburn^ melts at 41-42° and yields a liquid hexa- 
bromo-adduct. It is stated by Madhuranath and Manjunath to be a 
non-conjugated octadecatrienoic acid of unknown structure. 

(b) Conjugate p€lyethenoid acids of the C^g series 

Up to the present, these include several, presumedly stereoisomeric, 
forms of A® = ^^octadecatrienoic acid, a : 10, 11 : 12, is : 14, 15 : 
octadecatetraenoic acid, and aketo-unsaturated acid, 4-keto- A® ’ 
octadecatrienoic acid. 

11.12, is:i 4 . 0 ctadecatrienoic (Maeosteatic) acid, CHq^ICH^s. 
[CHrCHJg.fCHJ^.COOH, occurs notably in China wood or tung oil, the seed 
fat of Al^fdtes Fordii and moutana, of the mixed acids of which it forms 
85—^ per cent- It has also been found in smaller proportions in some other 
fats, sometimes acxxunpanied by either linolenic or 4-keto-elseostearic 
acids ; its distribution, as known at the pr^ent time, appears from Table 51 
(pp. 3:34, 135) in Chapter IV. 

The acid present in the natural oil a-elaeostearic acid," m.p. 48—49°) is 
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transformed by the action of light into a solid crystalline isomeride, m.p. 
71° (“ jS-elseosteaiic acid '*). Oils containing combined elaeostearic acid, and 
the acid itself or its esters, possess the characteristic property of gelation 
(i.e. setting to a solid mbber-like mass) when submitted to the action of heat. 
The acid contains a conjugated system- of three double bonds and for this 
reason it does not react normally with solutions such as those of Wijs or 
Hanus ; consequently it was for a long time considered to be a di-ethylenic 
acid, but the work of Boeseken, Steger and van Loon, and others on the 
molecular refractivity of the acid, the amount of hydrogen absorbed in order 
to effect complete conversion into stearic acid, and the modified methods of 
iodine absorption, have demonstrated clearly that it contains three ethylenic 
linkages and that these are almost certainly conjugated. These facts, taken 
in conjunction with Majima's 220 study of the products of ozonisation of the 
acid, in which he isolated fz- valeric aldehyde, valeric acid and azelaic acid, 
fully establish the structural formula of the acid. This formula was further 
confirmed by Eibner and Rossmann,22i who obtained glyoxal in 60 per cent, 
yield from the ozonide of the acid, but observed no succinic aldehyde ; 
whilst the absorption spectra of the acid and its esters show, according to 
Manecke and Volbert,222 that it is not isomeric with linoleic acid and must 
contain more than two double linkings. Morrell and Marks 223 have studied in 
great detail the decomposition products of the substances formed when 
elaeostearic acid or its esters combine with atmospheric oxygen, and their 
work incidentally affords further confirmation of the correctness of the 
structure aissigned to the acid. 

Morrell and Samuels ^^4 have shown that the a- and forms of elaeo- 
stearic acid give different addition compounds with maleic anhydride in the 
Diels- Alder reaction (m.p. respectively 62*5® and 77®) ; these addition pro- 
ducts, on oxidation with potassium permanganate and acetone yield (i) in 
the case of the product from the a-acid, azelaic acid and a brown tar and 
. (ii) in the case of the ; 3 -acid, valeric acid, and a similar tar. From, this and 
other oxidation data it is evident that, in the a-acid, combination with maleic 
anhydride occurs at the nth and 14th carbon atoms, whereas in the )8-acid 
the addition takes place at the gth and 12th carbon atoms. These experi- 
ments therefore indicate that the difference between the a- and ^-acids 
consists in different configurations (e.g. cts-cis-frans- and trans-cis-cis-) of the 
unsatxirated groups. 

Other naturally ecduring geometrical isomerides of a-elaeostearic acid. 

Several other acids have been reported as stereoisomeric forms of a-elaec^tearic 
acid within recent years, but some of these have been shown later to difier from 
this acid. Two rare acids, punicic and trichosanic, are at pr^ent howevear 
accepted as other forms of acid which are 

geometrically isomeric, but not identical, either with the natural a-elaeost^xic 
acid or with the )S-elaBOstearic acid into which the latter is converted by the action 
of light, etc. 

Punieie acid, ni,p. 44°, was first observed by To37ania and Tsuchiya ***» ip. 
pomegranate seed oil in 1935, and its structure as another stereoisomeric 
form of ct-elaeoste^aric acid has been confirmed by Farmer and Van den 
HeuveL*** 

Triehosailie acid, m.p. 35—35^5®, was similarly observed by Toyama ami 
Tsuchiya *** in -the seed fat of cnfwnsrmdes ; K^nfmaro, 

and Buter state that the mixed fatty adds contain 29 per c^t, of tricfeosari^ 
acid. 

Both punicic and trichosanic adds j^lss by isKMnerisation intx> jS-eiaeoste^trac 
add. 
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4-Keto- A® * * ^^-octadecatrienoic (ct-Licanic) acid, CHs^CHsJs- 

[CH:CH]3-[CH2]4.C0.[CH2]2-C00H, is at present unique amongst natural 
fatty acids in containing a ketonic group. It is present in large amounts 
in Brazilian oiticica oil (formerly regarded as the seed oil of Couepia 
grandifiora, but now known (Holdt to be that of Licania rigida). It was 
first reported by Willbom 229 in 1931 who, from the supposed source of the 
fat, termed it couepic acid. Under this name it was also examined by van 
Loon and Steger,230 stated that it melted at 74-75° and considered that 
it was a geometrical isomeride of <x- and j&-elaeostearic acid. In 1935, how- 
ever, Brown and Farmer 231 showed that the acid contained a keto-group, 
and re-named it licanic acid. They found that, although complete hydro- 
genation of licanic acid leads to the production of stearic acid, the first main 
product of hydrogenation is 4-ketostearic acid (m.p. 96*5°). Brown and 
Farmer established the constitution of the natural (<x-) licanic acid by oxida- 
tion ; natural or a-licanic acid melts at 74—75° (semicarbazone, m.p. i ro- 
ll 1°), and passes by the action of light in presence of traces of iodine or 
sulphur into a ^-licanic acid, m.p. 99*5° (semicarbazone, m.p. 138°). The 
maleic anhydride adducts formed from the licanic acids and corresponding 
glycerides have been studied by Morrell and Davis .232 

^ 9 : 10 , 11:12, 13 : 14 , 15 : le.octadecatetraenoic (Parjnaric) acid, CH3.CH2. 
[CH:CH]4.[CHJ7.C00H, m.p. 85-86°, was discovered by Tsujimoto 233 in 
1933 in akarittom fat, the seed fat of Parinarium laurinum ; he named it 
paxinaric acid, stated that it yielded a jS-parinaric acid, m.p. 95—96°, by 
the action of light in presence of traces of iodine, and believed that it was a 
further stereoisomeride of elaeostearic acid. Farmer and Sunderland, 234 
however, showed that it contained a conjugated system of four, and not 
three, double bonds, and proved that its constitution was that given above. 
Its absorption spectrum is very similar to that of decatetraene (Kaufmann 
et At present this is the only known instance of a vegetable fat 

tetra-ethenoid acid. Other species of Parinarium, moreover, yield seed fats 
with elaeostearic and linoleic acids (P. macro phyllwn) ^ or licanic and elaeo- 
steaiic acids (P. Sherhr cense), but contain none of the Cig tetraene acid. . 

POLYETHENOID ACIDS WITH ThREE, FoUR, FiVE OR SiX DOUBLE 
Bonds (Mainly in Fats of Aquatic Origin) 

So far as fats from aquatic sources are concerned, a fundamental difference 
in their polyethenoid acids is that the latter belong to the Cie, Cig, C20, ^22* 
and C24 series and not, as in vegetable fats, only to the Cig series. Cie, Cig, 
and polyethenoid adds are, however, not very abundant in marine animal 
fats, whereas those of the C20 and C22 series frequently form a considerable 
proportion (e.g. 30-40 per cent.) of the total acids of a marine fatty oil. 
Th^e highly unsaturated adds were fiirst reported in 1906, under the name 
of clupanodonic add, by Tsu|imoto,2^^ who at that time believed it to be an 
add of the Cig ^lies but, in 1920, noted that its formula was C22H34O2 
(docosapentaenoic). In the ipeantime it had become recognised that 
unsaturated adds of both the C2® and the C22 series were commonly present 
in fish oils and that possibly, in each series, adds ranging from tri- to hexa- 
ethenoid might bo present. 

At this point we may leave the marine fats for a moment, in order to 
point out that similar adds, notably arachidonic (eicosatetraenoic), < 
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had also been recognised as present in small quantities in the liver and other 
organ fats, and sometimes in traces in the depot fats, of land animals ^ch 
as the ox and pig. Brown and Deck 237 observed about 0*4 per cent, of 
arachidonic acid in pig depot fats in 1930, and Brown and Sheldon 237 
detected traces of the same acid in beef fats in 1934, whilst Brown also 
isolated it from the fatty acids of ox brain (1931), and Ault and Brown 237 
{1934) showed that it formed over 20 per cent, of the fatty acids of ox adrenal 
phosphatides. In the latter case the acid appeared to be mainly eicosa- 
tetraenoic, and Brown restricts the polyethenoid acids of these land animal 
fats to this single form ; but other workers suggest that both C20 and C22 
acids may be present in these land animal fats (Hilditch, Lea, and Pedelty,iio 
pig depot fats ; Riemenschneider, Ellis, and Titus ,238 yolk fats). 

As regards the polyethenoid acids of the C20 and C22 series present in 
marine animal fats, considerable uncertainty has existed as to their constitu- 
tion, although it has been known for some time that they are derived from 
the normal or straight-chain aliphatic acids. When hydrogenated, they 
furnish respectively ^-eicosanoic (arachidic) and «-docosanoic (behenic) 
acids, the straight-chain structure of these products having been verified 
by X-ray analysis (Morgan and Holmes ^2^^ Various structures have been 
assigned, chiefly by Toyama and Tsuchiya and by Tsujimoto, as a result of 
studies of the oxidation products from fractions of the various acids obtained, 
as a rule, by processes of ester distillation involving somewhat lengthy 
exposure to temperatures of 200® and above. It now seems probable, in the 
light of the work of Farmer and Van den Heuvel 239 infra) ^ that changes 
occur when these acids or their esters are heated at or above 200® for any 
length of time, whilst it has also become evident that excessive heating with 
alcoholic alkali causes cyclisation to set in at some point in the polyethenoid 
chain (Edisbury et 

Farmer and Van den Heuvel’s important contribution 239 consists in 
their separation of the highly imsaturated acids of cod liver oil by repeated 
passage of their methyl esters through the '' molecular still,'' wherein 
evaporation from thin films (rather than distillation) is carried out at 
extremely low pressures. By this procedure the highest temperature attained 
by the esters does not exceed 120® and any one time of exposure of any one 
portion of the esters to this temperature is less than two minutes. As a 
result, these investigators separated the polyethenoid ^ters into homolc^ous 
groups with the following average number of ethenoid linkings per molecule : 
Lie Lig 2*7, C20 4 * 9 ^ L22 b. (The low values for the Cie and Cjg acids 

are due to mono-ethenoid acids remaining unseparated from the poly- 
ethenoid derivatives in the course of the preliminary lithium salt separation 
from acetone.) From considerations of refractivity and hydrc^en (iodine) 
value Farmer and Van den Heuvel ^^owed that similar acids obtained, by 
themselves or other workers, by the ordinary processes of ester-fractionation 
had undergone a partial loss of unsaturation (by cyclisation) ; and it now 
appears that the polyethenoid acids of marine animal oils probably only 
indlude one member in each homologous group, with the following numbers 
of ethenoid linkings : Cig 3, Cig 4, C20 5» L22 6, and 6. 

Farmer and Van den Heuvel ^39 also showed that the docosahexaenoic 
acid is structuradly homc^eoeous, iM>n-€»n|t^ated, and 3rields 

11^-docosanoic (behenic) acid on hydrc^enation- From its oxidation pirodocts 
they deduced that it contained four rCH.CH^-CH: groups and one 
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:CH.[CH2]2*0H: group between the terminal gproups CH3.CH: and 
:CH.[CH2]2-000H. It is therefore one of the following five possible acids : 


DCXrOSAHEXAENOIC Acioi * 

^ 4 . 8 . 11 . 14 . 17 . 20 CH 5 .CH[:CH.CH 2 .CH 34 :CH,[CH 3 h.CH:CH.[CH 2 ] 2 .COOH 

, 11 . 14 , 17 . 20 CH 3 .CH[:CH.CH 2 -CH 33 :CH-[CH 2 h.CH:CH.CH 2 .CH:CH.[CH 2 ] 2 . 

COOH 

7 , 10 . 14 . 17 . m CHs.CHfrCH.CHs.CHlarCH.ICHJa.CHCrCH.CHs.CHlarCH. 

[CH 2 ] 2 .COOR 

u 7 . 10 . 13 , 17. 20 CHs-CHiCH.CHa.CHrCH.ICHals-CHErCH.CHa.CHlsrCH.ECHs}^. 

COOH 

.20 CH 3 .CH:CH.[CHd 2 .CHE:CH.CH 2 .CH] 4 :CH.[CH 2 ] 2 .COOH 


It has at all events become clear that there is fundamental dissimilarity 
between the polyethenoid marine animal fatty acids and corresponding acids 
belonging to the vegetable kingdom or, for that matter, oleic and hexadecenoic 
acids themselves. In nearly all the polyethenoid (Cig) vegetable acids yet 
known the grouping :CH-[CH237.COOH occurs, whilst this is also present in 
oleic, linoleic, and hexadecenoic acids. It is true that the chain :CH.CH2.CH:, 
characteristic of linoleic and linolenic acids, evidently occurs also in the 
polyethenoid marine animal fatty acids, but another, which is extremely rare 
in the vegetable fatty acids, is also prominent, namely, :CH-[CH2]2.CH:. 

The first evidence of the presence of this 4-carbon chain fragment in the 
fish oil acidls is due to Tsujimoto,^^^ who showed in 1928 that a clupano- 
donic acid (C22H34O2) fraction isolated from Japanese sardine oil yielded, 
on ozonisation, succinic acid, COOH.ECH2l2.COOH, in amount up to 49 per 
cent, of the weight of clupanodonic acid oxidised. 

The absence, in the polyethenoid C20 a-iid C22 marine animal fatty acids, 
of any conjugated double linkings was demonstrated by Morrell and Davis, 2^2 
who found that neither the acids nor their esters gave crystalline adducts 
with maleic anhydride. 

It was mentioned earlier that Japanese investigators have applied the 
method of oxidation by ozone to many of the individual polyethenoid acids 
which they have isolated from fish oils. It must be borne in mind, in view of 
Farmer and Van den Heuvel's observations, that some of these products 
may represent partly cyclised or altered acids instead of the polyethenoid 
acid originally present in the fish fats. Subject to this reservation, a list is 
given of the acids {belonging to the Cie, Cig, C2o> C22, C24, and C26 series) 
whose constitution has been given by these workers : 


Ocaa .< ie caj sgiiariaem>k: 

Eioosafieiyaenoic 


I>ao 3 >saAexae!fm‘k: 

li.<iXBiCOssJtexaenoic 


Named Structure 


Fat Investigators 


Hiragonic A 6. lO. 14 


Moroctic 


8. 12, 15 
A 4 . 8, 12, 1« 

A 4, 8, 12, 16, 18 


Sardine (body) 


Toyama and 

Tsuchiya 


843 

£43 

243 

£43 


{ A4.7, 11,16, 19 
A4, 8. 11. 16. 19 
A4, 8, 12, 16, 19 


Clupanodoaic A ^ 12, 16 , is, 2i 

t A 4. 8. 11,14,17,30 »» 

Nxmiic A 4, 8, 13, 15, 18, 21 „ 

ShilA; Not given Tunny liver 

Hiymaic ^ 


Tsujimoto 
Toyama and 

Tsuchi^ya 


£41 

£43 

£43 

£43 


Ueno and Yonese ^ 


No ^batemrats are given as to the proportions of C24 and acids 
present in the oils conceomed* but it may be taken for granted that they 
represent veiy minor components of the total fatty acids. 

For simplicity, the double bonds in these polyethenoid acids are indicated 
by one numeral only, e.g. signifies A®- signifies A® etc. 

f Identical with one of Farmer and Van den Henvel’s possible alternative 
structures. 
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CHAPTER X 


SYNTHETIC GLYCERIDES: INDIVIDUAL NATURALLY 
OCCURRING FATTY ALCOHOLS AND ACYL ETHERS OF GLYCEROL 

The individual acidic components of fats were discussed in Chapter IX, and 
it remains to give in the present chapter similar information concerning the 
alcoholic components of the lipoids, which fall into four main groups : 

(a) Glycerol, the trihydric alcohol characteristic of the true fats (tri- 
glycerides). This is, of course, by far the most important in relation to the 
fundamental part which it bears in the fats themselves, but its properties and 
reactions are so well known that it is unnecessary to deal with the subject 
here. Its chief interest, as regards the natural fats, lies in the innumerable 
mixed triglycerides of the fatty acids which can be derived from it, and 
accordingly the first part of this chapter is occupied by a brief review of the 
work which has been carried out up to the present in the synthesis and 
characterisation of triglycerides of known configuration, simple or mixed, of 
the higher fatty acids. 

It may be noted, in passing, that under certain conditions of fermentative 
rancidity the glycerol of natural fats is converted to some extent into tri- 
methylene glycol,! CH2(0H).CH2.CH2(0H). 

(b) Higher alcohols of the normal ^phatic series corresponamg with the 
various natural higher fatty acids, which occur as the alcoholic components 
of the waxes (wax esters) ; some of the latter accompany glycerides, others 
(mainly of higher molecular weight than the previous class) occur alone in the 
form of plant (cuticle) or insect waxes, etc. 

(c) Three mono-alkyl ethers of glycerol, known as chimyl, batyl, and 
selachyl alcohols (ethers of glycerol with one molecule of, respectively, 
hexadecyl, octadecyl, or octadecenyl alcohols) occur as fatty esters in some 
marine animal fats, especially the liver oils of some Elasmobranch fish. 

(i) The sterols or polycyclic alcohols of high molecular weight ; and also 
vitamin A (related to the carotenoid group). These compounds, although 
they occur in combination with fatty acids as esters to quite a large extent, 
are of course not aliphatic in nature, ajid are so complex in structure that 
their study forms a sef^irate field of organic chemical research in itself. 

]?or this reason, the constituents of what is usually termed the unsaponi- 
fiable matter ” which may accompany natural fats (sterols and vitamin D, 
carotenoids and vitamin A, squalene and other hydrocarbons of high mole- 
cular weight) are not d^t with in detail in this book.* 

♦ Recent monographs on these groups of compounds include : 

F. L. Fieser, ** Chemistry of Products related to Phenanthrene ** (2nd Ed., 
1937 )- 

E. Friedmann, Sterols and Reiided Compounds (1937)- 

A. Winterstem and K. Schon, ** We Sterine,** Hefter-Schonfeld ** Fette und 
Fettprodukte,*' VoL I (1936) . 

H. von Euler, Carotin und Vitamin A (1932). 
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Kaxrer and H. Wehrli, 25 Jahre Vitamin-A-Forschnng (1933)- 
Winterstein and C. Funk, " Vitamine,*' Klein’s “ Handbuch der Planz 
analyse ” (i933)- 

Zechmeister, '' Die Carotinoide ” (1934). 

Zechmeister, ** Lipochrom und Vitamin A/* Hefter-Schonfeld Fette t 
Fettprodukte,” VoL I (1936). 

T. P. Hilditcb, *' Squalen,” Hefter-Schonfeld ” Fette und Fettprodukte,” Vo 
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SYNTHETIC GLYCERIDES * 

The problem of the structural configuration of glycerides is of great 
importance and has attracted many workers in the field of fat chemistry, 
but it may be said with safety that much more work remains to be done 
before it will be able to give decisive information concerning the configuration 
of the major component glycerides occurring in natural fats. 

The difficulties which have retarded the work in this particular direction 
are primarily lack of reliable data in the case of naturally occurring glycerides, 
due (i) to the extreme difficulty in isolating individual glycerides from a mix- 
ture {cf, the studies of Klimont, Bomer, Amberger, and others, Chapter V, 
pp. 3 : 82 --i 84 ), and (ii) to tmreliable data recorded in the literature for syn- 
thetic glycerides ; the latter has arisen chiefly from the use of impure 
materials, and inherent difficulties encountered in the synthetic methods 
adopted. A further factor introducing tmcertainty is that of the pol5nnor- 
phism of glycerides, a factor which probably accounts to a large extent for 
the wide ranges in melting points recorded for individual glycerides. Thus 
Griin and Schacht ^ record 32°, 36*5^", and 39*5"* for the transition and 
melting points of symmetrical ^-m5uistodilaurin whereas McElroy and King 3 
record 50*2° for the same compound. 

The subject matter here discussed will be of the nature of a brief account 
of the main advances in the study of synthetic glycerides, chronological order 
being maintained wherever possible. 

Although the nature of the natural fats was understood by Chevreul ^ 
in 1823, there api>ears to be no record of an attempt to synthesise glycerides 
until Berthelot & prepared tristearin in 1853. On heating quantities of 
glycerol and stearic acid for 20 hours at 200® C. he obtained a compound 
melting at 61 ® crystallising from solvents in nodules, and this he believed to 
be monosteaxin. Heating the same mixture for 114 hours at 100° a product 
melting at 58° was obtained and this was believed to be distearin. Tristearin 
was obtained by heating monostearin with 15 to 20 times its weight of stearic 
acid, and on recrystalhsation the product was shown to possess all the pro- 
perties of naturally occurring tristearin. 

Although the possible existence of mixed triglycerides was postulated by 
Berthelot, it was not until 1887 that Wynter Blyth and Robertson ® obtained 
a solid glyceride from butter fat which they identified as an oleo-but3n'o- 
jahnitin. 

With the realisation of the fact that in general naturally occurring fats 
consisted of ruixtures of mixed triglycerides, a large number of mono-, di-, 
and tn-glyc^rides were synthesised by Guth in an endeavour to formulate a 
scheme of identification. ct-Monoglycerides were prepared by heating 
equivalent qu^tities of a-monocMorohydrin and the sodium salt of a long- 
chain add at 110° for 4 hours. In this way a-monostearin of melting 

point 73° was obtained, but later work by Malkin and Shurbagy 3 indicates 

/-r, se<^on of Chapto X has been contributed by M. L. Meara, Ph.B. 

(Bnstol), A.r.C. 
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that the melting points recorded by Gnth were those of an unstable lower- 
melting form or that this method of synthesis is incapable of giving a pure 
product. 

The aa'-diglycerides were prepared by heating oa'-dichlorohydrin with 
sodium salts, whereas “ a^-diglyceiides were obtained from a^-dibro- 
mohydrin. In the light of later work (v, infra) 'these ** ajS-diglycerides "" 
must in reality have been <xa'-diglycerides. Unsymmetrical a-stearodipal- 
mitin was then prepared by heating a-monostearin with palmitic acid under 
reduced pressure, whereas the symmetrical isomer (jS-stearodipalmitin) was 
obtained in like manner from stearic acid and oa'-dipalmitin. Slight differ- 
ences in the crystalline form of the isomers were recorded but both apparently 
melted at 6o°. It is highly probable that these glycerides contained as 
impurity small amounts of simple triglycerides, since it has been shown ® 
that in the synthesis of palmitodiolein by heating together palmitic acid and 
aa'-diolein definite small quantities of tripalmitin were formed. 

Guth did not record more than one melting point in the case of the mixed 
triglycerides, but studied the problem of polymorphism in the case of tri- 
stearin for which melting points at 56° and 71° had been observed. He 
showed that a specimen of well crystallised tristearin had only one melting 
point, 71*^, and pointed out that the same melting point was obtained on 
keeping the specimen some time before re-observing the melting point. It 
was suggested that the melted and rapidly cooled substance was behaving 
as a supercooled liquid, which, on being disturbed solidified to its original 
state but that the latent heat thus set free was sufficient to melt the whole if 
the quantity were small. 

In 1903 Griin devised a new synthesis for oa'-diglycerides via glyceryl 
disulphate, but showed that poor yields were obtained in the case of the 
lower members. These were later converted into S3unmetrical mixed tri- 
glycerides, and under suitable conditions two forms were isolated, it heixig 
possible to convert the unstable to the stable modification by inoculation 
with a little of the latter. This observation was of considerable importance 
since it showed not only the physical existence of these forms, but also that 
Guth's hypothesis was untenable. 

One of the most important advances in glyceride chemistry was that due 
to Fischer and co-workers, who showed beyond all doubt that no deduc- 
tions as to the structure of the resulting glycerides could be made in their 
formation from halohydrins and sodium salts. In order to synth^ise 
glycerides of known constitution isopropylidene glycerol, the structure of 
which had been determined by Irvine, MacDonald and Soutar,i® was em- 
ployed. This was esterified with acid chloride in the presence of pyridine or 
quinoline, the resulting complex being hydrolysed to a-monoglyceride by 
shaking with cold concentrated hydrochloric acid. In this way «-mono- 
glycerides of a high d^ree of purity were prepared.^® 

It was found that treatment of an a-monc^lyceiide with acid chloride 
gave rise to a mixed triglyceride in good yield. 
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If ct-iodohydrin, CH2(OH).CH(OH).CH2l, were treated in a similar manner 
a diacyl iodohydrin would be formed which might be expected to have given 
an a^-diglyceride on partial hydrolysis. This on treatment with Ri.COCl 
would give rise to the glyceride (I) (above), but it was found that the isomer 
of higher melting point and lower solubility was obtained, indicating that 
migration of an acyl group from a to an a- carbon atom had taken place 
during the reaction. With the establishment of the possibility of migration 
of acyl groups from P- to a-carbon atoms in the glycerol molecule, it was 
realised that many of the earlier syntheses of alleged j8-mono- and ajS-di- 
glycerides were invalid, but it appears to have been left to Fair- 
boume le Qjad his collaborators to re-investigate the syntheses sys- 

tematically in the light of the newer work- 

in 1929 King and collaborators ^7, is, 3 began an extensive research on the 
properties of synthetic glycerides, Fi^cher^s methods, illustrated diagram- 
matically below, being adopted. 

(a) Symmetrical mixed triglycerides 

CH2.OH CH2.OH CH2-O.COR1 

] I I 

CH.OH CH.OH ^ CH.O.CORi 

CH2.OH CHal iHal 

(b) Unsymmetricai mixed triglycerides 

CHg.OH CH3.OH CH2.O.COR2 CH2.O.COR2 CH2.O.COR2 

: I I I ; 

CH.OH -> CHO XHa -v CHO^ XH3 CH.OH CH.O.CORi 

I I 1 1 I 

CH3.OH CH2O/ ^CHg CH2OX NCHg CH2.OH 

The general conclusions drawn from their work were ; 

(1) The S3nnmetrical isomer of any given pair had a higher melting 
point, higher refractive index, and lower solubility than the unsymmetricai 
compotmd. 

(2) An increase in the length of the second fatty acid chain present 
increases the melting point and refractive index. 

These were found to hold for saturated acids from Cq to C14, except that 
palmito- and stearo-dilaurins had lower melting points than that of myristo- 
dilaurin, a similar irr^^arity occurring in the lower members of the 
distearin series. It is unfortunate that these workers failed to take into 
consideration the possibility of polymorphism occurring in their synthesised 
glycerides. 

The simple triglycerides were systematically reinvestigated in 1934 by 
Clarkson and Malkln,^^® whose method of synthesis was essentially that due 
to SheiJ,®® wMch can for convenience be called a direct synthesis " method- 

It was shown that under suitable conditions the simple triglycerides 
could exist in three modifications, a stable () 3 ) form in which the long chains 
are inclined with respect to the planes formed by the terminal methyl 
groups, a less stable monotropic (ct) form in which the chains are vertical, 
and a third form which is not truly crystalline, possessing properties which 
are usually associated with a glass. I . 


CH2.O.COR1 
CH.OH H 


CH2.O.COR1 
CH.O.COR2 

I I 

CH2.0.COR1 CH2.0.C 



SYNTHETIC GLYCERIDES 

In this study X-ray investigation confirmed the existence of the two 
crystalline forms since two distinct types of long and side spacings were 
obtained. 


TABLE 99. MELTING POINTS, TRANSITION POINTS, AND X-RAY 
LONG SPACINGS OF THE SIMPLE TRIGLYCERIDES 


No. OF C Atoms 

TP. 

M.P. cc.y 

Long Spacings CA) 

IN Acid 

Glass 

a. 

— ^ 

a 

iS 

Gio 

— 15 

18 

31-5 


26-8 

Cxi 

1-0 

26-5 

30-5 

— 33-0 

29-6 

Cia 

15 

35-0 

46-4 

35-6 

31-2 

Cxa 

25 

41-0 

44-0 

_ 37-7 

34-1 

Cx4 

33 

46-5. 

57-0 

41-2 

35-8 

— Ci5 

40 

51-5 

54-0 

- 42-9 

38-9 

Cie 

45 

56-0 

65-5 

45-6 

40-6 

— Cl 7 

50 

61-0 

63-5 

-48-5 

43-5 

Cl 8 

54-5 

65-0 

71-5 

50-6 

45-0 


Side Spacings (A) of the Simple Triglyceriois 

/S form even acids 3*7 3-9 4*6 5-3 

„ „ odd „ 3-65 4-0 4*6 5-3 

a form and glass 4-2 

Meanwhile another method for the synthesis of glycerides of Icnown con- 
stitution was worked out by Verkade and co-workers,2i who developed the 
use of triphenylmethyl (" trityl ") derivatives of glycerol which had pre- 
viously been studied by Helferich and Sieber.22 By the action of tri- 
phenylchlormethane a triphenylmethyl {'* trityl group was introduced 
into the glycerol molecule before esterification (the “ trityl group, it had 
been found, could later be easily and quantitatively removed). It was 
shown that the triphenylmethyl derivative obtained by partial esterification 
with an acyl chloride, Ri.COCl, followed by a second acyl chloride, R 2 .COCI, 
was different from that obtained by using the acid chlorides in the reverse 
order, indicating that the triphenyl group must be associated with a primary 
alcoholic group. Partial hydrolysis to the diglyceride followed by further 
esterification with RjlCOCl should give either the symmetrical or unsym- 
metrical mixed triglyceride according to whether migration had occurred or 
not : 


CH.O.COR 2 

1 

CH2.0.C.(C6H5)s 


CH2.0.COR1 


CH2-O.COR1 

1 

CH.O.CORs 

or 

1 

CH.OH 

I 

{ 

CH2.OH 

I 


1 

CHs.OCORa 

1 

i 

CH2.O.COR1 

1 


1 

CH2.O.COR 

1 

1 

CH.O.COR2 

i 


1 

CJ 

f 

CH 2 . 0 .CORg 


TTie experimental production of the uns5mimetrical glyceride is dear 
proof of migration, atlthoi^h latdr work has shown that the removal of 
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For references (“(«)”, etc.), see Table 101. 
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the triphenylmethyl group by catalytic hydrogenation gives rise to an 
ajS- diglyceride. Further, a ditriphenylmethyl glyceride gives rise to a 
jS-monoglyceride. 

A full account (with full literature references) of the work of Verkade, 
Helferich and their collaborators and others on the preparation of mono- 
and di-'' trityl ^'-glycerides and the use of the latter in the synthesis of mixed 
glycerides of known configuration has been published by Verkade. 24 

In the light of the experience gained in the examination of the simple 
triglycerides Malkin and co-workers have now examined the a-mono- 
glycerides, aa^-diglycerides, symmetrical and unsymmetrical mixed tri- 
glycerides, and several simple unsaturated triglycerides. The a-mono- 
and aa'-di-glycerides have been found to resemble the simple triglycerides in 
existing in three polymorphic forms, whereas the symmetrical and unsym- 
metrical mixed triglycerides have been shown to exist in four forms, two of 
which have tilted chains, one a vertical rotating chain, the fourth being a 
vitreous form. The melting points obtained are compared with those 
obtained by other workers in Tables loo and loi (pp. 354, 355). It is seen 
that in many cases it should be possible to distinguish between symmetrical 
and unsymmetrical isomers, but it must also be borne in mind that in genera, 
the isolation of an ^dividual glyceride from a natural fat is a very dif&ciilt 
task, and that the synthetic work has shown that even a trace of impurity 
causes the non-appearamce of the stable crystalline modification, a form which 
is extremely difficult to produce in the case of the higher members even when 
their purity is of a high order. 

X-ray examination has shown that frequently the differences in long 
spacings between symmetrical and unsymmetrical isomers lie near the limit 
of experimental error, but that detectable differences in side spacings, even 
though they may be small in some cases, serve to distinguish between pairs 
of isomers. 

TABLE 102. X-RAY LONG SPACINGS iA) OF SYMMETRICAL AND 
UNSYMMETRICAL MIXED TRIGLYCERIDES 



a 

Symmetrical 

/S 

a 

Unsymmetrical 

B 

Caprodilaurki 

— 

— 

30-0 

— 

30-4 

31-S 

Laimxiimyristiii 

39*6 

36-7 

34-7 

— 

35-3 

36-5 

Myristodipalmitin 

44.4 

42-4 

39-0 

43-9 

40-3 

41-5 

Palmitodistearm 

50-5 

47-5 

44-2 

48-8 

44-7 

46-5 

Laurodkaprm 





29-0 

__ 


28-4 

Myiistodilaorm 

— 

34-5 

33-6 



34-5 

33-0 

Paliiiitodjpnyiistin 

45*0 

39-7 

38-1 

42-8 

39-5 

37-7 

Stearodipalmitin 

50-2 

44.7 

43-2 

47-8 

43-9 

42-5 

Caprodimyiistm 



33-7 

52-5 


33-8 

35-2 

Laurodipalmitin 

44-6 

77-0 

59*0 

43-4 

38-5 

39-8 

Myristodistcaiin 

49-5 

44.7 

65-8 

48-5 

43-4 

45-0 

Myr^odicaprin 



30-3 

46-5 


31-3 

47-5 

PaJmttodilauLrm 

— 

36-6 

35-5 



36-2 

54-6 

St^rodimyiistiii 

44-0 

41-0 

400 

46-4 

41-7 

61-4 

Caprodipalmitin 

39-0 

74-0 

565 


74-1 

56-2 

Laurodistearin 

47-1 

42-4 

63-7 

47-4 

42-8 


Palmitodicaprin 

— 



49-5 


49-7 

StearodOaurm 

40-8 

37-5 

56-8 



38-7 

57-0 

Canrodistearm 

— 

76-3 

61-2 

73-7 


60-0 



— 

51-6 

— 

51.0 

52-6 
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TABLE 103. X-RAY SIDE SPACINGS (J) OF SYMMETRICAL AND 
UNSYMMETRICAL MIXED TRIGLYCERIDES 


Symmetrical 


UNSYMMETRICAL 


Caprodilaurin O) 

Laurodimyristin (yS) 

Myristodipalmitin (/S) 

Palmitodistearin (yS) 

in 


3'79 4*35 4*62 5-33 
3-84 3'89 4-61 5-34 
3-74 3*86 4-61 5-34 
3-68 3-86 4-61 5-34 
3-82 4-05 4-16 4-35 
same for above four com~ 
pounds) 


()8) 3-67 3-86 4-60 5-35 
(j80 3-83 4-18 4-35 

(same for the four 
compounds) 


Laurodicaprin 

C/8) 

3-87 

4-17 4-39 



Myristodilaurin 

(/3) 

3-85 

4-06 4-26 

4-45 

C^) 3-67 3-86 4-60 5-35 


in 

3-85 

4-35 


in 3-83 4-18 4-35 

Palmitodimyristin 


3-81 

4-13 4-31 


(same for th^e four 


in 

3-88 

4-13 4-31 


compounds) 

Stearodipalmitin 


3-81 

4-03 4-20 

4-48 


in 

3-81 

4-35 



Caprodimyristin 

m 

3-98 

4-22 4-39 

1 



Laurodipalmitin 

m 

3-84 

4-28 4-62 

5-28 


(^) 3-72 3-90 4-53 4-67 

Myristodistearin 

m 

3-74 

4-09 4-41 

1 


in 3-78 4-09 4-26 4*50 


in 

r3-82 

4-11 4-28 

1 


(same for all three 


< (same for above three 


compounds) 



L 

compounds) J 



Myristodicapiin 

C/S) 

3-90 

4-30 4-60 


fC/S) 3-84 4-60 4-84 5-21 


in 

3-86 

4-60 5-24 


! in 3-78 4-09 4-26 

Palmitc^ilaurin 

i^.&n 

3-86 

4-09 4-29 

) 

(same for these three 

Stearodimyristin 

3-86 

4-20 4-39 


compounds) 

Caprodipalmitin 

if. 

3-84 

4-61 5-32 

f 

'(^) 3-84 4-60 4-85 5-26 
(^eO 3-82 4-18 4-35 

Laurodistearin 

3-84 

4 08 4-31 

I 

(/8) 

3-84 

4-61 5-32 

j 

(j8) 3-84 4-60 4-85 5-26 

»» 

in 

3*84 

4-08 4-31 

1 

,in 3-82 4-18 4-35 

Palmitodicaprin 


3*86 

4-59 4-90 

5-34 

(j8) 3-84 4-60 4-85 5-26 
in 3*94 4*35 

Stearodilaurin 


3-83 

4-02 4-20 

4-41 

■()3) 3-84 4-60 4-85 5-26 
(/SO 3-86 4-11 4-35 

Caprodistearin 

C/3) 

3-86 

4-61 5-34 


(j8) 3-74 4-02 4-33 4-60 


in 

3-83 

4-11 4-39 



Stearodicaprin 

m 

3-72 

3-87 4-24 

4-58 

'(8) 3-84 4-60 5-30 


4-90 5-29 


(j30 3*80 4*10 4*35 


The side spacing associated with the a-form is invariably a single line 
situated at 4*19 A, 

So far no reference has been made to glycerides containing unsaturated 
acids. Relatively little work has been done on these and the recent work of 
Carter and Malkin can be considered to be the first comprehensive study 
of unsaturated glycerides. 

Triolein was S5mthesised by Bellucci by heating together theo- 

retical amounts of glycerol and oleic acid, it being found that the presence 
of carbon dioxide not only gave a good yield but also prevented excessive 
discoloration. 

Meyer has claimed to have isolated trielaidin by acting on olive oil 
with nitric acid but it is doubtful, in the light of the probable component 
glycerides of olive oil (Chapter VII, p. whether this was in fact pure tri- 

elaidin, or (more probably) the latter admixed with ^me pahnitodielaidm- 
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Similar doubt will also apply in the cases of di- and tri-brassidin prepared 
from rape oil by Reimer and Will.^* 

It has been indicated in Chapter VI (p. 217) that one of the first m 
triglycerides to be obtained from natural fats in any degree of purity 
oleodistearin and it is not surprising that many syntheses of this particular 
glyceride have been recorded. Thus Griin ^ heated together aa'-distearin 
and oleic anhydride and obtained a compound with melting points at 42° 
55°. Kreis and Hafner 34 heated distearin with oleic acid under 
ced pressxire and obtained a small yield of the same compound- Amber- 
md Bromig ^ also prepared the imsymmetrical compound from a-mono- 
1 and stearic acid chloride, but they were unable to prepare the sym- 
rical isomer. In the same way a-pahnito-a'jS-diolein was prepared 
n a~monopalmitin, but the resulting compound was shown to be an oil at 
>m temperatures. 

Carter and Malkin have obtained the data in Table 104 for certain 
simple tri-unsaturated glycerides. 

A) OF SIMPLE 
‘C. Long 

^ a 

Tribrassidin 36 43 53-6 

^7 

550 

UlUACUL 

The side spacings of the ^-foims of tribrassidin and trielaidin are identical, 
the spacings being 3*75, 3*95, 4*95, 5*35 whereas triemcin exhibits a 
unique group of side spacings at 3*70, 3*84, 4*03, 4-60, 5*24 A. 

From this smnmary of the recent investigations it is seen that, taking 
both the detailed thermal and X-ray work into account, it should soon be 
possible for any individual natural triglyceride to be identified, and its 
configuration to be specified, if it can be isolated in a sufficiently pure state. 



HIGHER ALCOHOLS 


NATURALLY OCCURRING HIGHER ALIPHATIC ALCOHOLS 

The chief higher fatty alcohols present in lipoids dealt with in this book 
are cetyl (fi-hexadecyl), w-octadecyl, and «-tetradecyl alcohols in the 
saturated series and oleyl (w- A^'^^^-octadecenyl) alcohol in the unsaturated 
series ; these correspond respectively in carbon content and in chemical 
constitution with palmitic, stearic, myristic, and oleic acids. Other alcohols, 
saturated and imsaturated, of the Ci^, C20, C22, and C24 series are also occa- 
sionally encountered, whilst in the true (ester-) waxes of plants and insects 
the characteristic alcohols are members of the saturated series of still higher 
(e.g. C26 to Cqq) carbon content ceryl/' melissyl,'' etc., alcohols). 

It may be pointed out that, artificially, any of these natural alcohols 
can be prepared from the corresponding acids, or the esters of the latter, by 
two methods : 

(i) Reduction of fatty acid esters in solution in absolute alcohol or butyl 
alcohol with sodium (Bouveault and Blanc : 

R.COOC2H5 -fsHg ^RXHgOH +C2H5OH . 

In this way all the alcohols from octadecyl, Ci8H37(OH), to j>entacosyl, 
C25H5 i(OH), were prepared from the corresponding acids by Levene and 
Taylor s® in the course of their syntheses of the normal saturated fatty acids 
containing from 19 to 26 carbon atoms ; whilst cetyl, tetradecyl, dodecyl, 
oleyl, and probably other alcohols of this group have been obtained from 
the corresponding fatty acid esters by the same means at various times by 
different workers. 

(ii) Hydrogenation of glycerides, simple esters or the free fatty acids 
themselves at 200 atmospheres pressure and about 200° in presence of reduced 
basic copper chromate ('* copper chromite " catalyst). This process is now 
used extensively for the technical production of various higher fatty alcohols. 

Uirect S3mtheses of ‘‘ even-number higher alcohols up to Ci8l^37(OH) 
have also recently been effected by the hydrogenation of polyene aldehydes 
prepared by condensation of crotonaldehyde (Kuhn ^s). 

Saturated Higher ^-aliphatic Alcohols 

The group of alcohols of intermediate molecular weight occurring in 
natural lipoids (mainly in certain marine animal oils) includes ^-dodecanol 
(w-dodecyl, lauryl alcohol), m.p. 24-26*^ ; 7»-tetradecanol (w- tetradecyl, 
myristyl alcohol), m.p. 39® ; f«-hexadecanol (w-hexadecyl, cetyl alcohol), 
m.p. 50® ; n-octadecanol (n-octadecyl, stearyl alcohol), m.p. 59° ; and 
7f-eicosanol, m.p. The alcohols of higher molecular weight, which 

occiir as essters of of similar molecular size in plant cuticle waxes, bees 

and other insect waxes, etc., are mixtures of alcohols with even numbers of 
carbon atoms from C24 to C^. Usually a somewhat complex inixtuxe of 
these compounds, inseparable by methods at present available, is pii^eiit ; 
but occasionaMy in some leaf waxes one partictilar alcohol is present to the 
virtual exclusion of ^11 others. A very comprehemave stud^ of the -aJcohols 
of plant and in^ct waxes was 'Carried out by Chibnall whO' n^ciied 

the conduB^nS' given in the pneoeding s^ten>ces. These invest%ators pcmt 
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out that the use in the literature of such terms, for example, as ceryl or 
melissyl alcohol for, respectively, the alcohols C26H53(OH) and C3oH6i(OH) 
is misleading, since the natural products referred to under these names are 
almost invariably mixtures of the even-numbered homologues. They 
propose that a large number of names of this nature should be abandoned, 
and that the mixtures which they represent should be referred to as such 
(e.g. C26+C28+C30 alcohols, etc.). 

The following notes may be added with reference to the distribution in 
nature of some of the higher w-aliphatic alcohols : 

7 e-Dodecanol, CH3.[CH23io.CHa(OH), was reported in porpoise head and jaw 
oil by Gill and Tucker,^® but Lovem was unable to confirm this observation. 
Ueno and Koyama have stated that traces of this alcohol, and also of ti-decanoi 
and n-octanol, occur in the alcohols of sperm blubber oil, 

ti-Tetradecanol, CH3.[CH2]i2.CH2(OH), occurs as a minor component 
(about 8 per cent.) in the wax esters of sperm head oil (Andre and Francois, *3 
Hilditch and Lovem and also in the head oil of the porpoise (Lovern ' 
w-Hexadecanol, cetyl alcohol, CH3.[CH2]i4,CHa(OH), was observed by 
Chevreul about 1817 in sperm head oil, in which it forms about 45 per cent, 
of the total higher alcohols (Andr6 and Fran9ois,^3 Hilditch and Lovern 
Tsujimoto,*® and also Toyama,*^ stated in 1925 that it was a constituent of the 
alcohols of Arctic sperm blubber oil. Hilditch and Lovem found about 25 per 
cent, of cetyl alcohol in sperm blubber alcohols, and Lovern observed 60 per 
cent, of cetyl alcohol in the alcohols of porpoise head oil. 

:n-Oetadeeatiol, CH3.[CH2]i3.CH2(OH), is present in small quantities in 
sperm head *3. 44 and blubber oils and probably also in porpoise and dolphin 
blubber oils,*i but in any of these it probably does not amount to more than 
5 per cent, of the total alcohols present. 

«-Eicosaiiol, CHs.[CH2]i8.CH2(OH), is possibly present in minute amounts in 
the oils mentioned in the preceding cases, bnt has not been definitely isolated 
therefrom. It has been found in waxes present in certain dermoid cysts. ■*8 

Even-number ’’ normal alcohols from CgeHsaCOH) to C 38 H 73 ( 0 H). The foUow- 
ing details are included in the paper by ChibnaU et al.^^ referred to previously: 

t»'Hexacosanol> Cj3H53(OH), m.p. 79-5*^, is almost the only higher alcohol 
constituent in the wax from blades of cocksfoot grass, and the same statement 
holds for ^-Octacosanol, C28H57(OH), m.p. 83*4'^, in the wax of wheat blades, and 
for M-Triacontanol, m.p. 86*5°, in lucerne leaf wax. Of other plant 

cuticle waxes, apple cuticle wax alcohols are a mixture of Cg^, Cgo, and C30 
caraauba wax alcohols include all the “ even-number alcohols from C36 to 
C34 (especiaHy the higher members), candelilla, and also cotton, wax alcohols 
range from to C34. 

In the insect waxes the mixture of even-number " alcohols appears fre- 
quently to be stiH more complex. Beeswax alcohols range from C*. to C34, 
those of lac wax from to Cgg. Cochineal wax appears to be unusual in con- 
tara^ 15-ket.^-tetotriacontaiiol, CH,.[CH,],8 .CO.[CH,]i 3.CH,(OH), as its 
chief component alcohol.^ av v 


Unsaturated Higher Aliphatic Alcohols 


In the group of marine animal oils (notably those of the sperm whales 
and the porpoise family) in which wax esters accompany glycerides, nn- 
saturated as well as saturated alcohols are present ; the xmsaturated members 
recorded range from Cjo to C22. In the unusual seed wax of Simmoftdsia 
calif omica the alcohols present are mono-ethenoid C20 and C22 compounds. 


- — — — evcn-numDer normal aliphatic alcohols 
and acids, hydrocar^ns (^-paraffins) containing an odd number of carbon atoms 
and including m different c^ses, paraffins of the odd-nnmber series from Cgg 
to C,7. w-Nonacosane, and n-hentriacontane, CaiH.., are frequently 

constituents of the hydroc^bon fractions of some of these waxes. 



UNSATURATED HIGHER ALCOHOLS 


^^-i^-Octadecenol (oleyl alcohol), CHs.ECHajy.CHrCH.ECHsJy. 
CH2(0H), is the most important of the unsatrirated group, and is the most 
abundant higher alcohol component of sperm head and blubber oils and 
porpoise blubber oils. It was apparently first definitely recognised by 
Tsujimoto and by Toyama in certain shark oils and also in sperm 

oils. Both authors state that the greater part of the alcohols present in the 
body oils of the ordinary sperm and the Arctic sperm whale consist of oleyl 
alcohol, whilst Hilditch and Lovem give the percentage of the alcohol in 
sperm body oil as 66—70 per cent, and that in the head oil as about 27—30 per 
cent, of the total higher alcohols present. According to Lovem oleyl alcohol 
also forms about 30 per cent, of the mixed alcohols present in porpoise head oil. 

It is probable, according to the latter workers, that small amounts of 
diethylenic alcohols, C18H34O, also occur together with oleyl alcohol. 

Oleyl alcohol was prepared synthetically many years ago by the Bonveault- 
Bianc reduction of ethyl oleate with sodium and amyl alcohol.®^* It is a 
colourless syrupy liquid which solidifies at about 2° and boils at 208— 2io°/i5 mm., 
150— 152°/! mm. The acetate (b.p. 2o8°/i6 mm.) yields nonanoic and acetoxy- 
nonanoic acids when oxidised with potassium permanganate, thus establishing 
the position of the double bond. 

Oleyl alcohol is converted into an equilibrium mixture of oleyl and elaidyl 
alcohols by the action of oxides of nitrogen, but it has not been found possible 
to separate the geometrical isomerides by crystallisation. Elaidyl alcohol 
(m.p. 35— 35'5°) has, however, been prepared by Toyama by sodium reduction 
of ethyl elaidate, and also by Andr6 and Francois by a similar procedure. Oleyl 
alcohol when oxidised by perhydrol in acetic acid yields a 9,10-dihydroxy- 
octadecyl alcohol (m.p. 82®), whilst elaidyl alcohol gives with the same reagent an 
isomeric alcohol, m.p. 125—126° ; when oleyl or elaidyl hydrogen phthalates are 
oxidised in dilute alkaline solution with potassium permanganate, the product from 
oleyl hydrogen phthalate is the hydrogen phthalate of the 9, ro-dihydroxy- 
octadecyl alcohol which melts at 125—126°, and that from elaidyl hydrogen 
phthalate is the corresponding ester of the isomeric alcohol, m.p. 82°.®“* These 
relationships are parallel in all respects with those of oleic and elaidic acids when 
submitted to oxidation by the respective reagents (cf. Chapter IX, p. 321). 

^9 : 10.13 : is.Qctadacadienol (Linaleyl alcohol), CHg. [CHaJ^.CHrCH.CHe. 

CII:CH.[CH2l7-CE[2(OH), which may or may not be amongst the small amounts - 
jf diethenoid alcohols present in sperm whale oils, has been prepared arti- 
Bcially by Turpeinen by Bouveault-Blanc reduction of methyl linoleate. It 
nelts at — 5° to — 2°, and boils at r48— 150°/! mm. ; it furnishes a ^-nitroph^yh 
iirethane, m.p. 91—92°, and nnites afiditively with bromine to give small yields 
a tetrabromo-octadecanol, m.p. 87°- 

Other natural unsaturated higher sdlphatie alcohols. Japanese investi- 
jators have recently (1935) reported the occurrence of the following (in each case 
n minor proportions) : 


Alcxmhol 

I>eceiiol 


Structusib 


A«;«-T«tradeceiiol CHs.FCH2!ywCH=CH4CHyb*CH«(ClH> 
(ptiyseteryl) 

AS:lo-Hcxadecenol CHa-FCHals.CHrCH.CCHal-.CHgCOH) 
(zcM>Jnaiyl> 


BicosaMraeaol Uxsdetenxixiaed' 

]I>o<;x>isape!titaet>ol „ 

ddtipaziodatnyl) 


SotmOB IKVBSTK 3 A.T 0 KRS 

Sperm l>Wbt>er Uooo apd 

KoFanaa,'*® 

Spearm Toyama and 

T«w 5 faaya.^ 

Sperm Mnbbor Toyama and 

Akiyamm,®” 


It may also be added here (although it cannot yet he a^ert^ that there is 
lecessarily any connection between the alcohols about to he mentioned and those 
]d the lipoid waxes) that Xakm have detected the presence 'Cxf the |iK>n^ 

dhenoid ahphatic alcohols hexenol, CgHj_j_(OH), and npuen-ol, m 

he growing leav^ of a number of plants including tea, ivy, 'dover, wh^l^ 
ypress, and violet)- 
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GLYCEROL ETHERS (CHIMYL, BATYU, AND SELACHYL 

ALCOHOLS) 

These three compounds are found, usually in small quantities, in the non- 
fatty or unsaponifiable matter left after hydrolysis of various marine animal 
oils, especially those of the Elasmobranch group. In a few liver oils of 
Elasmobranch fish the quantity of these substances present forms a relatively 
large proportion of the total unsaponifiable '' matter. The formulae, 
chemical structure, and melting points of the three compounds are as 
follows : 


Alcohol 

Chimyi 

Batyl 

Selachyl 


M.P. Formula Structure 

60-5-61 -5" CH3.[CHdi5.0.CH2.CH(OH).CHj,(OH) 

70-71° C*iH 440, CH».[CHdi7.0.CH2.CH(OH).CH,(OH) 

liquid CH,.[CH j7.CH:CH.[CHd s.O.CH^.CHCOID.CHsCOH) 


Of the three compounds selachyl alcohol is probably most, and chimyi 
alcohol least, abundant. Their occurrence was first demonstrated in 1922 
by Tsujimoto and Toyama,^® and the latter worker ascertained that each 
contained two free hydroxyl groups capable of acetylation. Subsequently 
(1932) Andre and Bloch ^0 brought forward evidence to show that in the 
original fish oils these compounds are present in the form of fatty acid esters, 
each of the free hydroxyl groups being combined with a higher fatty acid. 

Although at first there was some uncertainty as to whether the molecular 
formula of batyl alcohol was C20H42O3 or C21H44O3 Toyama definitely 
established the latter as being correct in 1924, while at the same time he 
announced the isolation of the lower saturated homologue, chimyi alcohol, 
of formula C19H40O3 ; Tsujimoto and Toyama had previously shown that 
selachyl alcohol, C21H42O3, passed into batyl alcohol by hydrogenation. 

Having shown that dry distillation of selachyl acetate gave rise to oleyl 
alcohol, and that its oxidation with potassium permanganate yielded nonoic 
add, Toyama expressed its constitution as CH3.[CH2]7.CH:CH.[CiiH2i0](0. 
CO.CHs) 2. The nature of the third oxygen atom had not been defined up to 
this point, but in 1926 Weidemarm stated that the action of hydriodic acid 
upon l^tyl alcohol yielded methyl iodide and that the third oxygen atom was 
therefore apparently present in the form of a methoxyl group. From 1928 
onwards a detailed investigation into the structure and synthesis of batyl 
and cMmyl alcohols was carried out by Heilbron and co-workers who, in the 
first place, repeated Weidemann’s experiments and found that the alkyl 
iodide produced was in fact octadecyl iodide,®^ so that batyl alcohol must 
a monc^lyceryl ether of octadecyl alcohol, having the structure (i) or (ii). 

(i) Ci8H37.0.CH2.CH(0H).CH^{0H). 

(ii) Ci8H37.0.CH(CH20H)2. 

The next step was to synthesise one or other of these mono-ethers of glyceroL 
Conden^tion of octadecyl chloride with sodium allyl oxide, followed by oxida- 
tion of the resultant octadecyl allyl ether with perhydrol, 1^ to the pr^nction 
^ same melting point (70—71°) as 



CHIMYL, BATYL, AND SEBACHYL ALCOHOLS 

pure batyl alcoLol. A mixed melting point determination of the two substances 
showed, however, a small but definite depression, which was emphasised in the 
case of the respective diphenylnrethanes. It must therefore be concluded either 
that {a) batyl alcohol is actually the jS-octadecyl glyceryl ether or {b) the natural 
alcohol is an optically active stereoisomeride of the racemic synthetic a-ether. 
Although Toyama was unable to detect any optical activity in pure batyd 
alcohol, Knight,®® from evidence provided by measurements of unimolecular 
films of batyl, chimyl, and selachyl alcohols, favoured the unsymmetrical 
a-glyceryl ether structures. That the latter view is correct was finally proved by 
Davies, Heilbron, and Jones ®* who oxidised batyl alcohol with lead tetra- 
acetate, a reagent which, as shown by Criegee,®^ is specific for a^-glycols, and 
identified formaldehyde and glycollic aldehyde octadecyl ether (m.p. 51'°) in 
the fission products. In view of this, the optical properties of batyl alcohol were 
again examined, when it was ascertained that, contrary to the finding of Toyama, 
the alcohol exhibits small but definite optical activity, its specific rotation in 

chloroform being (c., 0*95). The activity is more readily demon- 
strated in the case of batyl acetate, the specific rotation of which is — ^*5^ 

in chloroform (c., 2*63). 

The synthesis of a-cetyl glyceryl ether (m.p. 61—62°) was effected by the same 
method as that described for the synthesis 'of the a-octadecyl homologue, and, 
although no direct comparison with the naturally occurring chimyl alcohol 
(m.p. 60-5— 61*5°) was possible there is little doubt that this also is a-cetyl 
glyceryl ether. 

The synthesis of yS-cetyl glyceryl ether (m.p. 61—62°) and yS-octadecyl glyceryl 
ether (m.p. 62-63°) was subsequently achieved by condensing the senium salt 
of ua'-benzyhdene glycerol with cetyl or octadecyl iodide, followed by hydrolysis 
of the resultant product.®® Each product gave several degrees depression in 
melting point when mixed with the natural chimyl or batyl alcohols. 

As the batyl alcohol employed in the above investigations was prepared 
from selachyl alcohol it follows that the latter must be ct-oleyl glyceryl 
ether. 

The occurrence of these glyceryl ethers in nature is a matter of con- 
siderable biological interest. The pure alcohols have neither growth- 
promoting nor antirachitic properties (Weidemann ®i) and their function, 
if any, in the animal organism is at present obscure. From the standpoint 
of chemical structure, they represent in some measure an intermediate 
link between glycerides (true fats) and waxes as shown below. 


Glyceride Glyceryl Etoers 

(ANDR]fe) 

(R.CO.O)3.CsH 5 (R.CO.O)a.C5H5(OR0 


Waxes 

R-CO-O-R' 


(R =CHa.[CH*I,.CH:CH.ICHsl7— , CHs.[CHfili.— . 
R'=CH3.£CHJ7.CH:CHJCH2]s— . 


<u" CHy.fGHylt A — ^ 
or CHsTCHJxa-) 


Lovem has indeed suggested that, since appearance of these alcohol- 
ethers in fish oils is invariably accompanied by sub-normal imsaturation in 
the fatty acids of the oil, their production may be r^arded as evidence of an 
unusual tendency towards saturation or hydrogenation in the fish oils in 
question ; so that the alcohol-ethers represent a hydre^enation of the glycer- 
ide molecule which has involved the reduction of an ester-carbonyl group. 
This is well illustrated by the liver oil of the ratfish,'®® which contains nearly 
37" per cent, of these 'Compounds ^mainly selachyl, with a little chimyl and 
t^tyl, alcohol), the fatty acids of the oil including 5^ cent. C:i 8 ur^^turai^l 
{m^ya unsaturation 'Onty — a-sH), 20 per cent. 'Ca® unsaturat«J (nean 
uesaturation only — a-qif) and 8 per c^t. 'C2& unsaturated fmean tm^tura- 

.^3 



CHEMICAL CONSTITUTION OF NATURAL FATS 


GLYCEROL ETHERS (CHIMYL, BATYL, AND SELACHYL 

ALCOHOLS) 


These three compounds are found, usually in small quantities, in the non- 
fatty or unsaponifiable matter left after hydrolysis of various marine animal 
oils, especially those of the Elasmobranch group. In a few liver oils of 
Elasmobranch fish the quantity of these substances present forms a relatively 
large proportion of the total unsaponifiable matter. The formulae, 
chemical structure, and melting points of the three compounds are as 
follows : 


Alcohol. 

Chimyl 

Batyl 

Selachyl 


M.P. Formula Structure 

60*5-61-5- C,.H4oOa CHa.[CH.hs.O.CH,.CH(OI^.CH40ID 
70-71- cliUllol CH3.[CHJi7.0.CH2.CH(OH).CHs(OH) 

CHt[CHj7.CH:CH.[CHa]a.O.CH,.CH(OH).CH,(OH) 


Of the three compounds selachyl alcohol is probably most, and chimyl 
alcohol least, abundant. Their occurrence was first demonstrated in 1922 
by Tsujimoto and Toyama,^^ and the latter worker ascertained that each 
contained two free hydroxyl groups capable of acetylation. Subsequently 
(1932) Andr6 and Bloch brought forward evidence to show that in the 
original fish oils these compounds are present in the form of fatty acid esters, 
each of the free hydroxyl groups being combined with a higher fatty acid. 

Although at first there was some uncertainty as to whether the molecular 
formula of batyl alcohol was C20H42O3 or C21H44O3 Toyama definitely 
established the latter as being correct in 1924, while at the same time he 
announced the isolation of the lower saturated homologue, chimyl alcohol, 
of formula Ci9H4oU3 ; Tsujimoto and Toyama had previously shown that 
selachyl alcohol, C21H42O3, passed into batyl alcohol by hydrogenation. 

Having shown that dry distillation of selachyl acetate gave rise to oleyl 
alcohol, and that its oxidation with potassium permanganate yielded nonoic 
acid, To5^ama expressed its constitution as CH3,[CH2]7.CH:CH.[CiiH2iO](0. 
C0.CH3)2- The nature of the third oxygen atom had not been defined up to 
this point, but in 1926 Weidemann stated that the action of hydnodic acid 
upon batyl alcohol yielded methyl iodide and that the third oxygen atom was 
therefore apparently present in the form of a methoxyl group. From 1928 
onwards a detailed investigation into the structure and s5mthesis of hatyl 
and chimyl alcohols was carried out by Heilbron and co-workers who, in the 
first plac«, reputed Weidemann’s experiments and found that the alkyl 
iodide produced was in fact octadec^l iodide,®^ so that batyl alcohol must be 
a monoglyceryl ether of octadecyl alcohol, having the structure (i) or (ii). 

(i) Ci8 H37.0.CH2.CH(0H).CH3(0H). 

(u) Ci8H37.0.CH(CH20H)2. 

The next step was to synthe^se one or other of these inoiio-ethers of glycerol. 
Condensation of odadecyl chloride with sodium allyl oxide, followed by oxi^- 
tion of the resultant octadecyl aEyl ether with perhydrol, led to the production 
of /»-oetadecvldvcervl ether, and this had the same melting point (70-71°) as 
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pure batyl alcohol. A mixed melting point determination of the two substances 

showed, however, a small but definite depression, which was emphasised in the 
case of the respective diphenylurethanes. It must therefore be concluded either 
that (a) batyl alcohol is actually the j 9 -octadecyl glyceryl ether or (b) the natural 
alcohol is an optically active stereoisomeride of the racemic synthetic a-ether. 
Although Toyama was unable to detect any optical activity in pure batyd 
alcohol, Knight, from evidence provided by measurements of unimolecular 
films of batyl, chimyl, and selachyl alcohols, favoured the unsymmetrical 
a-glyceryl ether structures. That the latter view is correct was finally proved by 
Davies, Heilbron, and Jones vrho oxidised batyl alcohol with lead tetra- 
acetate, a reagent which, as shown by Criegee,®’ is specific for ay^-glycols, and 
identified formaldehyde and glycollic aldehyde octadecyl ether (m.p. 5X°) in 
the fission products. In view of this, the optical properties of batyl alcohol were 
again examined, when it was ascertained that, contrary to the finding of Toyama,** 
the alcohol exhibits small but definite optical activity, its specific rotation in 
20 

chloroform being (c., 0*95). The activity is more readily demon- 
strated in the case of batyl acetate, the specific rotation of which is — 8*5® 

in chloroform (c., 2-63). 

The synthesis of a-cetyl glyceryl ether (m.p. 61—62®) was effected by the same 
method as that described for the synthesis of the a-octadecyl homologue, and. 
although no direct comparison with the naturally occurring chimyl alcohol 
(m.p. 60-5— 61-5°) was possible there is little doubt that this also is a-cetyl 
glyceryl ether. 

The synthesis of ^-cetyl glyceryl ether (m.p. 61— 62®) and jS-octadecyl glyceryl 
ether (m.p. 62-63®) was subsequently achieved by condensing the s<^ium salt 
of aa'-benzylidene glycerol with cetyl or octadecyl iodide, followed by hydrolysis 
of the resultant product.®^ Each product gave several degrees depression in 
melting point when mixed with the natural chimyl or batyl alcohols. 

As the batyl alcohol employed in the above investigations was prepared 
from selachyl alcohol it follows that the latter must be ct-oleyl glyceryl 
ether. 

The occurrence of these glyceryl ethers in nature is a matter of con- 
siderable biological interest. The pure alcohols have neither growth- 
promoting nor antirachitic properties (Weidemann and their function, 
if any, in the animal organism is at present obscure. From the standpoint 
of chemical structure, they represent in some measure an intermediate 
link between glycerides (true fats) and waxes as shown below. 


Glycerede Glyceryl Ethers 

(ANORlfe) 

CR.C0.0)3.C3H5 (R.CO.O)*.C3Hs(OR0 


Waxi^ 

R.CX).O.R' 


(R =CH3.[CHd7.CH:CH.[CHj7— , CHa.[CHdj«-, or CH».fCHdz*- 
R'=CH3.ECHd7*CH:CH.[CHda“, CHaJCHdir-, or CHa.fCHdis” 


Lovem has indeed suggested that, since appearance of these alcohol- 
ethers in fish oils is invariably accomj>aoied by sub-nonnal unsaturation in 
the fatty acids of the oil, their production may be r^aided as evidence of an 
unusual tendency towards saturation or hydrogenatioii in the fish oils in 
question ; so that the alcohol-ethers represent a hydrogoiation of the glyc^- 
ide molecule which has involved the reduction of an ester-carbonyl group. 
This is well illustrated by the liver oil of the winch contains nearly 

37 per cent, of these compounds {mainty selacliyl, with a little chimyl and 
batyl, alcohol), the fiatty acids of the oil inclnding 5^ o^t. Cjs. unsaturated 
(mean unsaturation only — 2-2H), 20 per cent. C*o unsaturatcd (mcsan 
un^turation only — a-qH) and 8 per cent. Cgg urasaturated (mean unsatura- 
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tion only — 3*5H). Incidentally it maybe noted that ratfish liver oil con- 
sists snbstantially of di-acyl esters of selachyl and the related alcohol- 
ethers, with practically no glycerides. 
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CHAPTER XI 


NOTES ON EXPERIMENTAL TECHNIQUE EMPLOYED IN 
THE QUANTITATIVE INVESTIGATION OF FATS 

It seems desirable to conclude this book by a description of the experimental 
methods which have so far found acceptance in the quantitative or semi- 
quantitative study of the natural fats. A fairly full account of some of the 
experimental tecMque is included, although in other instances the treat- 
ment is more general. In particular, the more or less standard methods for 
the determination of characteristics such as iodine and saponification values 
are not here given in detail. Workers in this field will be, for the most part, 
abeady familiar with the procedure to be followed in determinations of the 
latter kind ; in any case, fuU details are available m monographs on these 
more usual forms of fat analysis, such as the well-known works of Lew- 
kowitsch^ or Grun,^ or the more recent volumes of Bolton,^ Elsdon,* or 
Dean.5 

It may be pointed out here that the determinations ultimately required 
in quantitative study of component acids or glycerides of natural fats are 
almost wholly, those of mean molecular or equivalent size, and of mean 
unsaturation. The determination of the former (i.e. saponification value or 
saponification equivalent, the latter form being on the whole more useful 
in work of this kind) is a standard operation of fat analysis ; it need only, be 
added thaL since much depends on the accuracy of each determined equiva- 
lent in the subsequent calculations, extreme care should be taken to maintain 
the greatest possible exactitude in all determinations of saponification 
equivalents. Mean unsaturation is usually evaluated by iodine values, 
determined preferably by the Wijs or Hanus methods ; whilst in some cases 
the thiocyanc^en vdue is required and is determined by the method of 
Kaufinann with due attention to all the necessary precautions, especially 
exclusion of traces of moisture. 

The procedures with which we are about to deal fall into two separate 
cat^ories, those employed in determining the proportions of the com- 
ponents in the mixture of fatty acids present in a natural fat, and those used 
in the estimation of the chief component glycerides of a natural fat. 
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I. Quantitative Investigation of 'Component Fatty Acids 

A mixture of higher fatty acids such as is usually present in natural fats 
is ultimately resolved, by fractional distillation in a vacuum of the corre- 
sponding methyl (or ethyl) esters, into a series of ester-fractions which contain 
substantially not more than two saturated, and not more than two homo- 
logous groups of unsaturated, esters. It is rarely advisable, however, to 
convert the mixture of fatty acids as a whole into methyl (or ethyl) esters 
and then to attempt to separate the latter by fractionation. Usually it is 
very much better to apply certain preliminary separations which, although 
not always complete as regards the individual acids, lead to the subsequent 
production of two or three groups of esters, the fractionation of each of which 
is considerably simplified by comparison with that of the esters of the whole 
of the original fatty acids. * 

In the majority of cases (when acids of lower molecular weight than 
octanoic, C8Hie02, are absent) the only preliminary separation needful is 
to segregate, as far as possible, the saturated from the unsaturated members. 
This is almost always effected nowadays by taking advantage of the differing 
solubility in alcohol of the lead salts of these two types of fatty acids. 

In a few instances, however, when the fats contain appreciable amounts 
of acids of lower molecular weight than octanoic (caprylic), it is necessary to 
separate the more volatile acids of lowest molecular weight before proceeding 
to the lead salt separation of the higher saturated and unsaturated acids. 
This only applies in the cases of the acids of milk fats, dolphin, and porpoise 
oils and a few others, but for the sake of completeness it is preferable to deal 
with this contingency before discussing the lead salt separation procedure. 

Preparation of the mixed fatty adds firom a fat. The quantity of 
fatty adds requisite for an accurate analysis depends upon the complexity 
of the mixture of component acids. Where this is very simple (for instance, 
in some of the Lauraceae seed fats, etc.), a reasonably accurate determinatioii 
may be made with as little as 20 grams of fat. In many of the more oommon 
v^etable fats, in which there are perhaps only three or four major component 
adds but, in addition, small proportions of other minor component adds, it 
is desirable to work with 70—100 g. of fat in order to take due account of the 
proportions of the minor components. In other cases (for example, pig and 
ox depot fats), especially where dose accuracy is desired in the percentages 
of several minor comppinent adds, it is advantageous to commence from 
150-200 g. of fat, whil^ for fats with very complex mixtures of component 
adds, sudh as fidi offs and milk fats, from 200 g. to 500 g- of fat may be 
le^uired in order to obtain the ffnal piodiKiion' of strffident 'ester- jhacti<ms of 
the nec^sary d^^ee of simplidty referred to above. 

& is dearly d^irsdjle that complete hydrolysis of the original fat be' 
ensured, amd tiiereio«e it is wdl, in most '^cas<^, to sapcmffy roo^ parts by 
wd^rt of fat with a solution of 60 parts by wdght of potasdum hydroxide in 
„about 500 ' |mrts, of aJkdiol {95—3:00 p^' ; 'the solutkm fe boifed irofar 

leftux: .iXMadeaisesr for b'^hours, and mod: of the alcohcrf th^i removed 'fcy 'dis- 

3 ^ 
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tillation. The soaps are dissolved in water and, after removal where neces- 
sary of nnsaponifiable matter {vide i^fra ) , converted into the free fatty acids 
by warming with dilute sulphuric acid.* When the acids are completely 
liberated, they may be removed by extraction with ether and are eventually 
dried under vacuum at ioo°.t 

When highly unsaturated acids are known to be present in quantity, as 
in fish oils and some other instances, it is not desirable to employ any large 
excess of alkali or to prolong the saponification process unduly, because of 
the readiness of such acids to undergo cyclisation or other change under 
these conditions. It then becomes preferable to risk the chance of slightly 
incomplete conversion of the whole fat into fatty acids rather than to incur 
rearrangement of some of the highly unsaturated components, and in these 
cases the use of only a slight excess of alkali over that theoretically required, 
with heating under reflux for only two or three hours, is advised. 

Remove of tmsaponifiable matter from the mixed fatty acids. 
Normally speaking, all the unsaponifiable matter present in a fat tends to 
pass with the alcohol-soluble lead salts into the esters of the '' liquid or 
mainly unsaturated acids {vide infra), and finally to appear in the small 
residue of these esters left undistilled. In certain circumstances, unsaponi- 
fiable or non-fatty matter may be present which distils at about the same' 
temperature as one or more of the methyl esters and therefore accompanies 
the latter in some of the ester-fractions. In such cases it is very desirable 
to remove unsaponifiable matter before the acids are converted into esters ; 
whilst if its amount exceeds i or 2 per cent, of the whole fat, its presence in 
the above-mentioned residual ester-fr%ction makes accurate analysis of the 
latter very difficult. Frequently, therefore, but not necessarily with fats 
(such as thllows, etc.) in which the amount of unsaponifiable matter is 0*5 per 
cent, or less, it is best to remove as much unsaponifiable matter as possible 
by extracting with ether the aqueous-alcoholic solution of the soaps (before 
converting these into the free fatty acdds). 

To avcdd the cumbOTSome and not too efi&cient extraction of large volumes 
of soap solution with ether in separating funnels, a continuous extractor stich as 
that shown in Fig. 5 may usefully be employed. The soaps are largely diluted 
with water until they occupy about two-tlmrds of the large bottle B, about 200 c.c. 

alcohol being also added to retard emulsification. The remainder of the bottle 
m filled with ether, whilst the litre flask A is about half filled with ether, which is 
bculed, the vapours passing through the condenser C. The condensed ether 
passes into a long tube leading nearly to the bottom of B, where it is preferably 
dispersed by a small glass stirrer ® rotated by a motor at a speed regulated so 
that minimum formation of emulsions sets in. The stirrer shaft passes through 
the cxjrk of the bottle in glass tubing which is continued to about 9 inches below 
the of the eth^ return tube ; the long delivery tube is wddened at the top 

so as to surround the exit tube from the condenser. Well-rolled good quality 
cxnks are suitable for attaching the various tubes to the flask A, the bottle B, 
and the 'OOndeasear C, 

As the ether into B, the supeomatant layer of ether in the bottle is 

di^IsMieci back into the flask A ify the hydrostatic pressure set up in the long 
delivery tube, suid the extraction process is continuous. This apparatus gives 
less trouble with emulsioi:]^ than the use of separating funnels, and about 95 per 


* Whffla unsaturated acids are present in quantity, it is advisable to libeacaefee 
the free acids under an atmr^phere of carbon dioxide. 

t See, however, the special case of mixed fatly acids in which volatile acids of 
weierht are ■pr^CT.t (p. 370). 



SEPARATION OF MIXED FATTY ACIDS 

cent, of the unsaponifiable matter is removed from the solution in the course of 
24 hours’ extraction. At the end of the operation the ether in A and that in the 
upper part of D are united and washed with dilute alkali solution and then with 
water to remove any soap ; the aqueous 
alkali solutions are mixed with the main 
extracted soap solution, from which the 
fatty acids are liberated as described 
above, 

'Preliminary Separations of the 
Mixed Fatty Acids 

{a) Separatioii of volatile from non- 
volatile acids 

In the case of the acids of milk fats 
and a few other fats which contain 
butyric, isovaleric, or hexanoic acids, 
the latter may first be removed from 
the mixed fatty acids by distillation 
in a current of steam. A convenient 
procedure is as follows : 

After hydrolysis of the fat with 
alcoholic * alkali, it is essential com- 
pletely to remove alcohol from the soaps 
before acidifying, owing to the readiness 
with which butyric acid ^terifies. After 
distilling off as much alcohol as possible, 
the remaining traces are removed by 
heating the soaps in a steam bath under 
the vacuum of a water pump, water 
being added, when necessary, to keep the 
soaps in solution as far as possible. The 
fatty acids are liberated from the soaps 
by the addition of 10 per cent, excess of dilute sulphuric acid (40 per cent.), the 
acud being preferably add^ to the cold soap solution, and the mixture being 
cooled to prevent loss of butyric acid by volatilisation. Steam distillation is 
then ikiiimertcedi* using a double spray trap, and after about half an hour, the 
soa|^ beccune completely decomposed, giving a clear layer of fatty atcids 
floating on the surface of the aqueous ssdtutiou.. Distillation Is contiaued for 
f cmr or five hours, in order to remove all the butyric and hexanoic acids* SiaMl 
quantities of octanoic and decanoic adds also pass over into the steam distillate, 
togetlw with traces of oleic and/or decenoic acid. 

The "fatty adds in the ^eam 'dl^lllate are" 'extrajcted by means of pure 
ether and are fractioamted directly frmn a plain Willstfittor bulb (1^. p. 375)* 
mainly at ,, iMm re^due from the fractimiaticm is 

tested for mcKne vsaliK as, well as^ eqolvafeit, and the iodine val« calculated 
to oMc {«ry if prefared, to -dec^acfcl ' add. The extracted aqu^ms liquors 
and the recover^ distilled ether must both be titrated with alkali, the anaEl 
amouni^ of add hemg ealcuiated as butyric add. The fuH details of a 
tyqfical fmctionatioii analysis of a butter fat are givai in Table 1:05 hi ordear 
to ffltmirate the application of this method. 

The reddual, non-steam-volatile fatty acids, after in an atmospteie 

• The atcsohol used in the saponification mufit first be tlicsPoagMy reiitxied 
with caustK soda and then distilled firom the 'causiac -alkali, in cwdfear to .remove 
any trayoes -of alddhyde, acsetic 0^' lotfar lower mxadlB, the preseacse of which wcwld 
mterfae, with the determiimticm of the- volatSe- from fife fat. 
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of carbon dioxide to prevent oxidation, are extracted with ether, the ether 
solntion is washed free from mineral acid, the ether removed by distillation 
and the acids fi n ally dried by heating at mo"" for a short time in the vacuum 
of a water pump. They are then submitted to a lead salt separation {cf. {h) 
below) in the usual way. 

An alternative method of dealing with the acids of milk fats has been recom- 
mended by Smith and Dastur 7 The milk fat is directly converted into methyl 
esters by refluxing it for 24 hours with methyl alcohol containing 5 per cent, of 
sulphuric acid (the process of “ alcoholysis or “ methanolysis *’ originally 
proposed by HaUer ®) . The bulk of the unchanged methyl alcohol is removed 
by distillation, and the rnixed methyl esters in the residue are dissolved in ether 
and cautiously washed with as little water as possible to remove mineral acid. 
The methyl esters are then distilled through the electrically heated and packed 
column described on p. 377, first under the vacuum of a water pump, and later 
at 0*1— 0-2 mm., until the esters of acids below or have passed over into 
the distillates. The residual esters are then hydrolysed, submitted to lead salt 
separation, and the two resulting groups of higher acids ares re-esrenfied and 
further fractionally distilled. 

The methyl alcohol removed by distillation after the “ alcoholysis," and 
also the recovered ether from the esters, must be examined quantitatively for 
saponifiable esters, which are calculated as methyl butyrate. The latter ester 
is freely volatile with the vapour of boiling methyl alcohol, and indeed it appears 
that methyl hexauoate is also removed from solution to a considerable extent 
during the distillation of methyl alcohol. 

The volatility of methyl butyrate (and, to a less extent, methyl hexauoate) 
in methyl alcohol vapour is somewhat of a drawback to this method. Another 
inherent difficulty is the exposure for a prolonged period of the unsaturated 
components (especially the minor amounts of polyethenoid acids) in the fat to 
the action of sulphuric acid in a non-aqueous solvent, which involves risk of inter- 
action between sulphuric acid and the ethenoid groups of oleic, octadecadienoic, 
etc., acids. 

(&) Separatum of saturated from unsaturated adds 

The ^paration of solid (or mainly saturated) from liquid (or 
mainly ttnsaturated) high^ fatty adds by extraction of their mixed lead salts 
with ethor was introduceS by Gussj^ow ® in 1828 and improved by Varren- 
tmpp in 1840. This process (details of which have been given by Lew- 
kowitseh involves preliminary predpitation of the lead soaps from the 
aqueous alkali soap solutions and subsequent extraction of the washed pre- 
d|atated lead soaps with ether. It has been largely ^^uperseded * by separa- 
tion of the lead salts from alcohol, instead bf ether, solutions, an improve- 
mmt which was first suggested by Twitchell.^^ 

TwitcMtt recxMnmends adding, to a solution of mixed fatty acids containing 
i~i*5 g. cd saturated adds dissolved in boiling 95 per cent, alcohol (30 c.c.), 
a of lead acdate (about 1*5 g.) in boiling 95.,per cent, alcohol (70 c.c.), 

csqolii^ tile mixed j^lntions siowly to 15° C-, and l<^vmg them overnight ; the 
^^jaratesd lead salts are filtered ofi, washed with 95 per cent, alcohol nntil, on 
dilution, the washings remain clear, and are then refcrystallised from 95 per edit, 
alcohol (100 C.C. containing 0-5 g. glacial acetic acid). The cooling process is 
repeated,^ asiad eventually the separated, washed lead salts are converted by 
addificabon with nitric acid into the free acids, in wlSich form they are weighed. 

The proportion of alcohol emi^yed in the first precipitation per unit wdght 
of mixed fat^ adds may thus vary, accordmg to the expected percentage of 
saturate adds in the latter, from about 10 to 30 ; for mixed fatty adds con- 


* For a bibIiogra|^y of the many modifications proposed in connectioii with 
the Gus^row-Varxemxapp process, see Bertram.^* 
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taining about 30 per cent, of saturated acids it is about 20. Again, whilst 
Twitchell mentioned the use of sufficient lead acetate to interact with all the fatty 
acids present, he was inclined to recommend that the lead acetate should be 
taken so as to be only somewhat in excess of that required for combination 
with the saturated acids ; later workers have reverted to some extent to the use 
of larger pro|x>rtions of lead acetate, and in the application of the Twitchell 
method to directly saponified fats J^ughman and Jamieson advocate the 
employment of 5 g. of lead acetate per i-i *5 g.mf solid acids present in the original 
fat. Cocks, Christian, and Harding 1* have showm that the Twitchell process 
can be applied to mixtures of fatty acids containing tsooleic acids of hydrogena- 
tion, with an accuracy of about ±2 units per cent., by employing a larger pro- 
portion of lead acetate to fatty acids and by recrystallising the initially separated 
lead salts from petroleum ether instead of from a further quantity of 95 per cent, 
alcohol (for det^s, cf, original paper 

The processes just mentioned axe designed chiefly for use in the analysis 
of small quantities of fatty acids. For the separation of the larger amoimts 
of acids involved in determination of component acids by ester fractionation, 
it has been found convenient to introduce some further modifications into 
the Twitchell method. ^ In the writer's laboratory at Liverpool, the usual 
procedure is as follows : 

The mixed fatty acids (e.g. 200 g.) are dissolved in 95 per cent, alcohol 
(1,000 C.C.), the solution is boiled and mixed with a boiling solution of lead 
acetate (140 g.) in 95 per cent, alcohol (1,000 c.c.) containing 1-5 per cent, of 
glacial acetic acid.* The lead salts which are deposited on cooling at 15° 
overnight are recrystallised from a volume of alcohol equal to that used in 
the first instance, Ihe “ solid " acids are regenerated from the recrystallised 
lead salts, and tfie liquid " aods recovered from the lead salts left on 
evaporation of the mixed alcoholic filtrates from both operations, f Each 

* It- has been found that the presence of acetic acid leads to much more 
complete removal of oleic acid from the " solid ** acids, although slightly more 
palmitic andm3^Tistic acids also pass into the " liquid " acids (I>r. A. Banks). 

t Convenient methods of recovering the fatty acids from the insoluble and 
soluble lead salts are as follows : 

The insoluble lectd sMis are transferred to a large porcelain basin with succes- 
sive quafitities of concentrate hydix)chIoi:§c add and boiling wat^. Hydro- 
chloric acid fsd pear cent.) is then adde to the contents of the ba^m and the 
whole warmed untSi, there is a 'dear layer of' fetty- acids floating <on the aqueous 
solution (which must be add to’Co^EO' red). ^ After allowing the oontents of the 
basin to the hiyer of ** ,§dfid *’ adds is’ trar^ferned to a separating funriel, 

and the aqueous layer decan-fed into another- s^^arating funnei, finom the solid, 
lead ddmide, which is then' extracted twkyet with 'Cther. The ethereal solutton 
so obtained from toe, extractioii of tf^ ,aquecuis 'solution is run into the 
fihmei oontaliiiiig ' tiie “‘'''solid''' adcfe. The a^necms solutioii and lead chloride 
are a fiirti»E«.quantity etfesr and then refected. The flask 

used in toe c^jptalMsaticm and toe Huchner funnel are wato^ out into the 
separating fun^^ containing toe " solid " acids with ^nall quaatrdes of ether 
and, after the *' soMd '* acids^MPe completely dissolved in etoer, warm water l»mg 
cautiously added if necessary, the eti^real solution is wasl«i from mineral 
acid and lead chteride, toe washings being re-extractcd in toe seexmd funnel. 
The etoer is then clustiiled finom toe combined ethereal extracts and the ** ^flid " 
acids freed from trac^ of ether and water by heating at 100** under reduced 

The lemd raJfgJ^^^fcremoval of the solvent by distillatlosi, are 

dissolved in ether three times -arith' water ,: tius acJetic acid presoat 

decomposes toe lead the lead acetate so formed is readily tofcible in the 

aqu^diis lay«r, whmh » m^-extraclaEd with a furtiter quanthy of etoer,* ■ In orefa: 
to ensnre that toe lead salts have besa cxampietciy decx»yc3sed, the ethereal 
mimiMXi is vraslied wito dilute hydrochlcnic acM anithen linth water until fred' 

/ 571 . ’ 
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group of acids is converted into neutral methyl esters by boiling with four 
times its weight of methyl alcohol in presence of about 2 per cent, of con- 
centrated sulphuric acid, and (after dist il l i ng off about 70-80 per cent, of 
the methyl alcohol) taking up in ether and removing unesterified acid by 
washing with dilute potassium carbonate solution. The conversion into 
methyl esters is usually 97—98 per cent. 

The solid acids obtained in separations carried out as above contain 
the whole of any stearic or higher saturated acids present, nearly all the 
palmitic acid, a considerable proportion of any na3uistic acid present, and 
smaller proportions of any lower satrurated acids. They will also include, 
of unsaturated acids, only 1-2 per cent, of oleic acid but some more definite 
proportion of mono-ethenoid acids of the Cgo C22 series, when bhe latter 
are present. Mono-ethenoid acids of the Ci^ or lower series, and polyethenoid 
acids of any carbon content (with the exception of elaeostearic and, probably, 
licanic) will, on the other hand, pass practically wholly into the liquid 
acid group- On the other hand, ^so>acids from Cjg upwards of hydrogenated 
fats, whether of the mono- or poly-ethenoid type, usually give lead salts 
sparingly soluble in alcohol, so that these pass to a considerable extent into 
the solid acids. 

The liquid acids may include, in p.ddition to nearly all the oleic acid 
present, practically the whole of the more unsaturated acids of the C^s or 
higher series, and the mono-ethenoid acids of the or lower series, a certain 
amount of the «so-acids mentioned and of mono-ethenoid acids of the C20 
or C22 series, together with much of the octanoic, decanoic, and lauric acids 
(when these are present), minor amounts of m3rristic and traces of palmitic 
add.* 

Naturally all or most of the acids mentioned in the preceding paragraphs 
are not frequently encoimtered in one and the same fat. In actual practice 
use of the lead salt process in most cases provides a good separation into two 
groups of fatty adds, each of which is a comparatively simple mixture which 
is then rea<^y amenable to the ester- fractionation procedure. 

When, as in cpconut and similar fats, there is a very high proportion of 
^turated adds of only medium molecular weight coupled with a low per- 
centage of tmsaiarated acids, it is usually better to esterify the whole of the 
mixed fatty acids and to separate all the lower saturated esters (up to those 
of C14 or C16 adds) by fractional distillation, and then to hydrolyse the 
residual esters and apply the lead salt separation only to the remaining 
mixture of higher fatty adds ; the solid and “ liquid ” acids so obtained 
will then, of course, be re-esterified and further separated by fractionation in 
vacuum. 

from mineral add- The ethereal extracts of the " liquid ** acids are combined, 
the ether distilled off and traces of ether and water removed by heating in a 
steam bath under reduced pressure. 

In working with large quantities of fatty acids, it is considered inadvisable 
to use dilute nitric acid for decomposition of the lead salts owing to risk of oxida- 
tion of unsatniated fatty adds. 

The “ Mquid fatty acids obtained in a component acid analysis should he * 
converted into methyl esters, and their fractional distillation carried -through with 
as little delay as possible, in order to minimise altera-fcion by atmospheric oxida- 
tion. For the same reason, the unsatnra-fced fatty adds and esters or ester- 
fractions should always be stored in an atmosphere of nitrogen. 

* In fats of very high stearic add content (40 per cent- or more) traces of 
stearic add may also appear in the ** liquid. adds. 
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(o) Separation of unsaturated acids by addition of bromine (instead of lead 
salt separation) 

An alternative procedure, recommended inigai by Grun and Janko,^® consists 
in converting the whole of the mixed acids from a fat into methyl" (or ethyl) 
esters, dissolving the latter in five volumes of chloroform, and adding bromine 
until all ethenoid groups present in the unsaturated esters have united additively 
with the latter and formed di-, tetra-, etc., bromo-saturated esters. The mixture 
of saturated and bromo-saturated esters, after removal of solvent and any trace 
of free bromine, is distilled as rapidly as possible from a simple distilling bulb under 
a pressure not exceeding 1—2 mm. The bromo-saturated esters have in general 
much higher boiling points than the simple saturated esters, which pass over 
almost completely before any of the former commence to distil, and can then, if 
desired, be refractionated in greater detail. The bromo-saturated esters, which 
remain as undistilled residue, commence to decompose, however, from 180*^ 
upwards ; and Griin and Janko recommend that both distillate and residue 
should be weighed, in order to ensure that no elimination of hydrogen bromide 
during heating (leading to a loss in the total weight recover^) has occurred. 
The residual bromo-saturated esters are debrominated with zinc and alcoholic 
hydrochloric acid> and the regenerated unsaturated esters may then be further 
examined by fractional distillation or otherwise. 

Tveraaen,!'^ in studying the component acids of whale oil, employed a com- 
bination of both the above methods (b) and (/?). He first separated the '' solid " 
acids by a Twitchell lead salt separation, but then caused bromine to unite 
additively with an ether solution of the “ liquid acids. The ether-insoluble 
and the ether-soluble bromo-additive products were separated and were each 
debrominated with zinc and hydrochloric acid, giving two groups of unsaturated 
esters of respectively low and high unsaturation. These, with the esters from 
the " solid ** acids, were each fractionally distilled in a vacuum in order to obtain 
resolution into binary or ternary mixtures of esters as described below. 

Whilst in special cases the use of bromination methods, followed by debrom- 
ination, has some attraction, it is the writer’s general experience that preliminary 
separation of fatty acids is better confined to processes which only involve salt 
formation, and therefore involve less chance of any permanent alteration in the 
somewhat unstable or labile unsaturated fatty acids. 

Fractional Distillation in a Vacuum of Higher Fatty Acid Esters 

As already stated (p. 372), those portions of the mix^ fatty acids which 
are to be further resolved by ester-fractionation are converted into methyl 
esters by boiling with about four times their weight of methyl alcohol in 
presence of about 2 per cent, of concentmted sulphuric acid, and subsequently 
removing unesterified acid by washing the ether solution of the esters with 
dilute potassium carbonate solution. The conversion into methyl essiens is 
usually 97—98 per cent., but if by accident it falls below this j^^ire, the 
imesterified acid should be recovered and re-esteiified. 

It has become the custom to use methyl esters, primarily because of th^ 
slightly lower boiling jK)ints as compared with those of ethyl esters. With 
the vucua (o*i— 0-2 mm.) now readily obtainable with the ordinary rotary 
oil pumps, this point is of less significance than formerly, but it is con- 
venient to continue with the (methyl) esters with whicti so much data have 
already been obtained, owing to the possible confusion in calcrulation of 
results which might ensue from the use, in di^erent erases, of melhyl and of 
ethyl 'esters. However, in the special ^case' of saturated .acads higli«"' ttan 
st’Caric, the of ethyl 'Csters has the minor advantage that then*' mdltii^ 
pomts axe definitely: lower than those of the corresponding methyl esters, so 
that less difficully may be caused during th^ dislillat^n by pr^nature 
'SoEdification in thi receive. ■ 
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Tlie vacuum employed should not he extreme ; for example, that (o*ooooi 
mm.) obtainable by a mercury or oil diffusion pump would have the effect 
of lowering the boiling points of the component esters so far that the tem- 
perature gap between the boiling point of one member and the next higher 
in the series would become unnecessarily small. Fractional distillation of 
higher fatty esters was quite feasible with the vacua of 3-5 mm. provided 
by the rotary oil pumps available 15—20 years ago, and is a matter of great 
ease with the present-day rotary oil pumps which readily give a working 
vacuum of o*i-o-2 mm. At these low pressures, as is well known, it is not 
easy to determine the precise pressure at the head of the column of distilling 
vapour, and moreover the latter may vary slightly during a distillation 
owing to the inconstancy of minute leaks in the cork and rubber connections 
on the apparatus- Consequently the recorded boiling points at the head of 
the fractionating column have little or no absolute significance in this kind 
of work. On the other hand, the column head temperatures should be 
systematically recorded, since in conjxmction with those of the heating bath 
(and in some cases, of the centre of the fractionating column) they afford a 
reliable indication of the smooth running, and therefore of the efficiency, of 
the fractionation. 

As a rough approximation, it may be added that, at about 0*2 mm. 
pressure, the column head temperatures for methyl laurate, methyl pal- 
mitate, and methyl oleate (or stearate) are usually respectively about 75— 80°, 
110-1x5°, and 130-135° C. 

Distillatioii from a simple form of bractionatix^ flask. Unless small 
proportions of minor component esters are required to be determined with 
great accuracy, fractional distillation of the esters from a simple distilling 
Sask of the ** Willstatter ” pattern (shown with receiver in Fig. 6) is sufficient 
to resolve most of the ester mixtures which are usually encountered, pro- 
viding that where necessary one or more of the fractions from the primary 
distillation are refractionated. This simple type of apparatus has been in 
constant use in the determination of component fatty acids in the writer's 
laboratory at the University of Liverpool for many years. Although the 
use of an electrically heated column has been adopted during the last few 
years when “ liquid unsaturated esters containing small amounts of 
myristic, palmitic, and hexadecenoic esters, or when complex mixtures of 
esters such as those of th® “ solid " or the ** liquid " acids of milk fats, are 
under investigation, the simpler Willstatter flask " apparatus is still much 
employed in the case of less complex and more easily separable ester niixtures. 

The dimensions of the bulb are important, in order to achieve maximum 
efficiency. The lowest bnlb, containing the esters to be distilled, should not be 
less than S cm. diameter (250 c.c. capacity). A smaller bulb should not be 
employed, even for small batches of esters ; the 250 c.c, bulb will take a load of 
up to 150 g. of esters. For larger quantities a 500 c.c. bulb (ester capacity 
300 g.) may be substituted. 

The intermediate hnib ^ould be 5*2 cm. in diameter, and the upper one 
4*4 cm. in diameter ; the diameter of the cylindrical portions of the neck should 
he 3-2 cm. throughout (all measurements refer to internal diameters). The 
height from the n^k of the flask to the top of the lowest bulb should be 22 cm. 

The mtermediate bnlb is filled to l^tween one-half and (not more than) 
two-thirds of its cajmcity with small hollow metal cylinders (the small eyelets " 
used for attaching papers, etc., together are very suitable) ; these are supported 
by a slip of thin copper gauze. When efficient distillation is proceeding these 
metal cylinders are covered with a film of condensed ester which drips back 
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through the gauze, but over-condensation of too much liquid in this bulb causes 
turbulent niotion in the ascending column of vapour and impairs the efficiency 
of the fractionation obtained. To prevent over-condensation due to radiation 
losses, the whole of the exposed neck from just above the lowest bulb to fust 
below the junction of the side tube is wrapped in asbestos cloth. 

The lowest bulb is provided with a side-arm for filling purposes only. Air or 
other gas is never drawn through this tube, which is kept closed by a solid tube 
connected by rubber tubing during distifiation. Smooth ebullition is assisted 
by the provision of a liberal amount of fresh, finely broken porous tile. ^ 

The neck of the bulb is fitted with a rubber cork carrying a thermometer 
the bulb of the latter being exactly opposite the side-arm of the fiask Below 
the rubber cork is fitted a thin disc (about inch) of good ordinary cork. 



which serves to protept the rubber from the solvent action of the hot, condensing 
ester vapours. 

The lower bulb is immersed nearly completely (to the level shown in lug, 6) 
in an oil bath constructed of thin metal, the temperature of which is maintained 
by a Bunsen burner, the gas-flow to which can be closely controlled. The tem- 
perature of the oil bath is so regulated that distillation proceeds steadily at a 
rate not exceeding about thirty drops per minute. (Control of the heating is 
best secured by placing a thermometer so that its bulb rests on the bottom of tl» 
oil bath- This gives a rapid and convenient indication of changes in the flow 
of heat from the gas flame to the oil ; this is the ^sential ffictor in cxintrc^lirg: 
the heating of the bulb. The mean temperature of the oil, as r^iisteced ^ a 
thermdmeter suspended in it, is not of direct importance firom this pmnt of 
'Whcsn distillation is proceeding normally at about 0-2 mm. pressure, the 
on the thermometea: in the oil bath is t^ially about and should not be more 
than 70"=*, hi^i€^ thari that at the head of the cc^mnnu 

The €®ter-tracfions are 'CoIlect«i through a Berkin recdtver in the God&iaiy' 
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way, so that a fraction may be removed without breaking the vacuum in the 
apparatus. Cylindrical receivers about lo cm. in length made from stout, soft 
glass tubing are convenient for the collection of the ester-fractions. 

Unless a large fraction of approximately known range is being collected 
for the purpose of refractionation, the weight of any one ester-fraction should 
not greatly exceed about lo g., and may be as little as 2-3 g. Even when it 
is tolerably certain that a mixture of constant composition is distilling in large 
quantity, it is better not to exceed the amoimt stated : errors in the ana- 
lytical determination of equivalents or iodine values are minimised if carried 
out on several small, rather than on one very large, fraction. The minimum 
weight of a fraction is determined simply by the minimum amount necessary 
for accurate determination of its analytical characteristics. 

Normally, the unsaponifLable or non- fatty matter remains in the residual, 
undistilled ester fraction (which need not exceed 4—5 g.) ; its amount is 
determined by its removal from the alkaline solution obtained after deter- 
mination of the apparent equivalent of the residual ester, followed by 
recovery of the fatty acids and re-determination of their equivalent- The 
amotmt of esters in r g. of a residual ester is then : 

y (^q'^^ygdent of recovered fatty acids -f- 14) 
apparent eqxiivalent of residual esters 

DistiUatioii of small quantities of mixed fatty esters from a simple bulb. 

Lovem ^ has described a modification of the above-mentioned technique 
to deal with cases in which only small amounts of fat or of the corresponding 
esters (down to 10 g.) are available. 

** A small plain distilling fiask is used, with a bulb of 50 c.c. capacity and a side- 
tube let into the bulb as in the Willsta,tter fiask. A slight constriction in the 
neck supports a spiral of copper wire, to act as a fractionating column . Quan- 
tities as small as i g. may be fractionated from this, the residues usually being 
no more than 0*4 to 0*5 g. Eractions are collected in receivers made from short- 
ened test-tubes, and quantities as low as 0*3 g. may be collected and the saponi- 
fication equivalent and iodine value determined. Iodine values on one-quarter 
of the usual quantity of material are easily performed by the use of propor- 
tionately smaller quantities of reagents and titration with more dilute thio- 
sulphate. Equivalent determinatioiis on as little as O'l g. of material may be 
carried out as follows : the fat is weighed into a shortened test-tube, a c.c. of 
IST/a alcoholic potash added and the mixture boiled for one hour under refl.ux 
with exclusion of carbon dioxide. The contents are washed out with 80 c.c. 
of neutral alcohol into a suitable flask and titrated with N/50 sulphuric acid. 
A good end-point at such dilution depends on the choice of a suitable indicator, 
e.g. dibromoth3?moltetrachlorophthalein. This has a very small range 

(8*8 to 8*4) from deep blue to colourless, and after a little practice, satisfactory 
duplicates can be obtained, A blank determination is made as usual. 

Unfortunately, in the micro "-method, it is often impossible to refrac- 
tionate the fractions from the primary distillation, and this is probably the 
greatest source of <OTror. In certain cases mixtures have to be taken as containing 
<^y two components for the composition to be calculated, and it is almost impos- 
sible to obtain only such fractions in one distillation, especially perhaps in this 
simpler distilling fiask. Each fraction, however, will contain mainly two com- 
ponents, and in many cases only two." {Lovem, loc. cit,) 

XHstillatkMi lifted firactianating coltmms. Use has been made 

by various workers in this field of a more elaborate fractionating column 
which can be heated to var3diig temperatures. By tins means considerably 
sharper resolution of the components (specially those present in slight 
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quantities) of mixed higher fatty esters can be effected than by the simpler 
apparatus described above, but the experimental procedure naturally 
becomes somewhat more complicated- On the other hand, the absence of 
need for refractionation of any primary fractions 
compensates largely for the increase in complexity 
of the technique and the extra time usually 
required for a single distillation when a more 
elaborate column is used. 

The first application of this device in the case 
of higher fatty esters appears to have been made 
in 1930 by Jantzen and Tiedcke,!^ who employed 
a heated column in order to secure efiective 
separation of methyl arachidate, behenate, and 
lignocerate (from the saturated acids present in 
groundnut oil). They used a comparatively 
simple glass column (Fig. 7), packed with small 
aluminium rings and heated externally by three 
cylindrical electrically heated hot plates connected 
in series and enveloping the column ; the heating 
cylinders are lagged with four layers of asbestos. 

The head of the column is furnished wdth a water- 
cooled condenser, the condensate being collected 
into a tube leading to the receiver system. (The 
special type of receiver used by Jantzen and 
Tiedcke (Fig. 7) includes a device whereby the 
melting point of any given portion of the con- 
densate can be determined during the course of 
the distillation.) The distilling flask may take up 
to 150 g. of esters, and the rate of distillation should not exceed about 5 
drops per minute, with a reflux rate of about 25 drops per minute. 

Longenecker 20 applied to the fractional distillation of mixtures of higher 
fatty esters an electrically heated and packed column (refeixed to herein- 
after as the '' E.H.P. column of a type previously described by Whitmore 
and Lux,2i fitted with an arrangement for total reflux and adjustable dis- 
tillate collection. The column and reflux-head is illustrated in Fig. 8, and 
the description which follows is taken from Longenecker {loc, dt). 

" The column is all glass (Pyrex) making the entire operatioii visible. It is 
90 cm. in height ; the inside diameter is 17 mm. Single-turn glass helices ** 
were used to pack the column for a distance of 60 cm. The purpc»e of the 
packing material and the effects of different types in the production of low 
H.E.T.P.®® (height equivalent to a theoretical plate) has been demonstrated by 
Fenske, Tongberg, and Quiggle.®* 

“ To reduce heat loss and maintain control of the conditions of the dis t i ll ation, 
the column is electrically heated by 1 5; ft, of Richrome wire (No. ; 32 } wound on a 
piece of 25-mm. Fyr®^ tubing the length of the packed distance. This heatiiig 
jacket is protected and insulated by a Pyrex tube, 33 mm. in thickne^. Fine 
control on the temperature of the column (recorded on a thep3»o®net!er inseartoEi 
hetween the colnmn and the electrically heated jacket) is suitably regulated by 
external fixed and variable resistances. 

At the top of the column is a still-head with 'an esKiifosed thermoiii^ter- 
The* as€»EM|ing vapours flow past its bulb fe> a oondeEi^er. CdHectioia of the 
distillate is regulated by a stopcock {2 attached below the coudeffiiser, a 

Separate connection providing for the inaintenano^ of low presOTres few iJte 
releaso of pressure, depending on the coiicMticKis) when, the stopexok % closed- 
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Water 






\Thermometer, Mtffmtjf up co/umr, 
.fJ^d *n a/ttmfctr space between 
coiumn nnd para//e/ tube carrt/^ 
jng heating w/res2 

— Int. olicun. JTnt/n* 

-Int, dia/n, 25mm. 

-Int, diam^ 33 mm. 


To Ferhin 
Triangle 


Winding of Column 

(iSft oT Ulchrome wire (Af? 22). 
\Wtder at top than bottom. 


Suitable Resistances 

250 yo/t B, T //, heater /amps m 
parallel with a variable^ tubular 
resistance (permanent loading), single 
tube. 4-0 amps^maxlmum and a range 

of 2i5 phms^ 


To T/fsttHatimi 
jF/ask 


Fte. 8. 
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The temperature of the vapour at the top of the column should at any time, 
except towards the end of a distillation, be an approximation of the boiling 
point of the material being collected. Under ideal conditions of operation of this 
column this temperature is an accurate index to the efficiency of the fractiona- 
tion. The temperature rise for adjacent members of the fatty acid series is 
approximately 15—20°, depending on the pressure (0-1—2 mm.). 

'^For convenience, removable distillation flasks are used. Cork of good 
quality proved the best adaptor for the ester distillations after a trial of ordinary 
rubber stoppers, Uuprene stoppers, and ground glass connections. 

Maximum efficiency is obtained by a regulation of the bath and column 
temperatures so that there is never a visible accumulation of liquid (* flooding ') 
in the packed length of the column. The rate of distillation, i.e. collection of 
condensate, is controlled by the stopcock in the still-head. The stopcock is 
closed at the beginning of a distillation and frequently during the collection of 
intermediate fractions (which are indicated by the temperature fluctuations in 
the still-head) to allow for the attainment of equilibrium between the vapour 
and liquid phases. 

" An ester mixture obtained in the course of analysis of a relatively simple fat 
may be efficiently separated in the course of 4—5 hours (for about 50 g. of mixed 
esters) ; a more complex mixture (e.g. from milk or fish fats) may require 7—8 
hours for the distillation of 50—60 g. of esters. Despite the somewhat pro- 
longed period of heating, there is no evidence that residual unsaturated esters 
undergo more profound decomposition than when a simple Willstatter bulb is 
employed.'^ 

As already stated, the writer and his colleagues have adopted the use 
of this “ E.H.P. column " for the more complex t3q>e of ester mixtures, 
or for those which include a minor component or components which it 
is desired to separate and evaluate as completely as possible, whilst retain- 
ing the simpler Willstatter fla^ " apparatus for the equally numerous 
instances in which the esters to be distilled are a comparatively simple 
mixture. , 

The quantity of esters which can be distilled through the E.H.P. column^* 
using a 250 c.c. round-bottomed fla^ as container at the base of the column, 
ranges from 15—20 g. to a maximum load of about 150 g. The container is 
immersed as deeply as possibly in an oil-bath, the heating of the bath being 
controlled by means of a thermometer with its bulb resting on the bottom of 
the bath (as described in the case of the Willstatter flask apparatus, p. 375 )- 
The amount of residual esters (ca. 4 g.) is no greater than in the case of the 
simpler apparatus, whilst if desired the residual undistilled esters in the 
containing flask can be removed separately after the operation, and the 
final esters which have distilled and condensed on the packing in the cx>ltimn 
(usually about 2 g.) can be separately recovered by washing out with ether, 
and treated as a sejparate, penultimate ester- fraction. 

Other heated fractionating column devices have been used for h^her 
fatty ^ters, most of which are designed for the distillation of very amall 
quantities of material. 

Diemair and Schmidt ^ have described two typ^ of apparatus suitable 
for the distillation respectively of 5~30 S’ 0 “ 5~5 S' fatty ^ters or adds. 
The essential parts of the distilling columns are diown in 9 (m) and (b). 

In the apparatus for 5—30 g. of material (Fig. 9 (®)) (1:50 c-^-) di^iHiu© 

(of the Claisen is sealed' to the coltimn, which cxjnsists of a glass 

in a ■eylindricai glass tube {30 cm. which, is sunrouiMied by an 

elecfrKally heated wire 'Cndosed in an asbestc^ d^atlr. Tl» vapours from 
the top of the impinge throu^ a jet (of intenml diameter 2—3 mm.) 

cm to the under surface-of a wa'ter-eooi^ condeoEsijng bulb. The apparatu^^^^ 
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Fig. 9- 


is operated in the vacuum (o*ooi mm.) 
of a mercury vapour pump, and the 
rate of distillation must not exceed 
1-1*5 g. per hour. 

For distillation of 0*5-5 S'- of 
material the modified form shown in 
Fig. 9 {b) is recommended by Diemair 
and Schmidt. In this case the flask 
(15 c.c.) is directly connected to a 
shorter column (4*5 cm. long), the 
latter being set at an angle, instead 
of vertically ; the vapours are not in 
this instance cooled by a water-con- 
denser. Distillation of one gram of 
esters, etc., occupies 4—5 hours and 
fractions of o*z g. may be separately 
collected. For the exact measure- 
ments and working details of the 
Diemair and Schmidt apparatus their 
original communication 25 should be 
carefully studied. 

Schoenheimer and Rittenberg 26 
have given details of another form of 
apparatus (Fig. 10), which they have 



used successfully for the 
separation by fractional dis- 
^filiation of small quantities 
(1-3 g.) of higher fatty esters. 
The distinctive feature of their 
apparatus is that the distilling 
vapours pass up through an 
external, and then down 
through an internal, con- 
centric space before finally 
passing upwards through the 
central column (in which a 
close-fitting wire helix is 
placed to aid fractional sepa- 
ration) . 

The whole column is in glass, 
and is sealed, to the distilling 
flask of 10 c.c. capacity. The 
ontermost tube of the column 
is wrapped, first with copper 
foil, then with thin asbestos 
paper, and heated electrically 
by a nichrome wire conductor 
wrapped round this layer of 
asbestos ; the whole exterior is 
finally lagged heavily with 
asbestos. Condensed Uquid 


(&) 


from the inner concentric tube 




and the innermost tube of the 
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fractionating column can run back to the distilling flask from the base of the 
inner concentric tube ; but in this apparatus (as in that of Diemair and Schmidt] 
there is no special device for reflux at the head 
of the fractionating column. The distilling 
flask is heated in a Wood’s metal bath and the 
pressure is maintained as near to 0*05 mm. as 
possible (but not below). The rate of heating 
is adjusted so that 30—50 drops return to the 
flask for each drop collected at the receiver ; not 
more than 0*15—0*20 g. should be collected per 
hour, and separated fractions from o*i g. 
upwards may conveniently be collected. 

Here, again, Schoenheimer and Ritten- 
berg's original paper 26 should be consulted 
for more complete details of the dimensions, 
construction, and working of this apparatus. 

Klem 27 has given a preliminary account g 
of three sizes of vacuum distillation apparatus ^ 
suitable for distilling quantities of from 5 g. 
to 500 g. of higher fatty esters, etc. Each 
apparatus is equipped with an electrically 
heated flask, column and column top, each 
of which can be regulated independently of 
the other. The temperature is controlled by 
thermocouples with an accuracy of C. 

The columns are fitted internally with spirals 
of monel metal or stainless steel and are 
furnished with a high- vacuum jacket of 
I>urandl glass fused to the column. On the 
outside, the columns are insulated with 
asbestos fitted with mica windows. The 
electric heating spiral is woimd rotmd a glass 
tube outside the vacuum jacket. Further details concerning the apparatus 
are promised in a later publication. 

Tvficai. Ester-fractionation Data Obtained with the Simple Will- 
STATTER Flask (p. 375) and the " F.H.P. Column (p. 37S) Types 
OF Apparatus 

It may be useful to quote in detail a few examples of the est^-fmefiona- 
tion data obtained for different kinds of fats. This has been done in Tables 
105—108 (below), which include in addition the composition of each ^ter- 
fraction (deduced from the equivalents, iodine values and, where nece^ary, 
equivalents of the saturated esters present). The method by which the 
composition of the total acids of a fat is derived from that of the ultimate 
ester-fractions will thus be evident. Vaiions consicferatlons ajlfoctir^ the 
mo de of calculation of the components of each ester-fiaction are d^lt with 
in the next section of this chapter (pp. 398—404). 

The fats selected for illustrative purpcMses are instances r^jently studio in 
the wiiter^s laboratory at the University of Liverpool, and indude : 

Table 1:05, — ^A cow Tuilk fat (to iiiustrate the case in which lower 
volatile) fatty acids accompany the h%h^ fatty acids). 

Table — ^A pig inner hack fat- This is t5JT>ical of the more dmple 
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t Calculated as butyric acid+water. 



Fraclioml Distillation of Methyl Esters of the “ SM” Acids 
(62'15 g. distilled through " E.H.P. colutnu ) 
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TABLE 105. COMPLETE FRACTIONATION DATA FOR THE COMPONENT ACIDS OF A COW MILK FAT (S.Pm\)-mtimed 


CHEMICAL COKSTITUTIOH OF FTATURAL FATS 
2 1 I M 1 I 1 I ! i I 1 i I i I !| 

’ n u 1 1 n 1 I ! } 1 1 1 ii§ 




^ w 

j i 
i ^ 


Mill] 


1 M I I i M M 1 

i M ! M i 


1 I 


oooo 


I I 


I I 


VO OC30 


•— •oooocsooca 

1 I I I I I I 


I IgSgS M I 1 1 1 11 1 1 
M I I 1 M I I I I I 


O cs o o> 

to” sg I I I I I I 


M I I I I I M I 


a\p^ooobc»vbo<ovo<5vf^-^h'<i-*o'i>ob<3^<C> 

•*—1 ▼•4 H OQ 


Jlj ^ < 3 \ 0 \ cp VO «0 O op 


-- o\ 
i> *o 




^ WOI 

■* 3 * t>a od 

O O O tn 


l>- VO VO ■T3 




VOVOVO <=> 

s 

flS *t 3 

.33 B 

111 I 

pd 


¥ 

s 


ffl 

v~a 


j§ g 

s SSSSsNkSSiSo SSo So Is s 

Ell 52 S S ZlS ^ ° r^<v<o 3 

iSiii| 23 S§ 33 : 8 SS 33 :i 




6 -:;e^ro^V5Vor-ooov2;::E22^:2SE:22 

V 



TYPICAL ESTER-FRACTIONATION DATA 


(d) Calculated Composition of Total Milk Fat Acids 

Volatile Acids Non-volatile 
Acids in Steam 

Fatty Acids 


Acid 

Saturated: 



Butyric 

3-72 


Hexanoic 

1*20 


Octanoic 

Decanoic 

0-49 


Myristic 

Palmitic 


19 

Stearic 


11-61 

Arachidic 


0-87 


Unsaturated: 

I>ecenoic 

Dodecenoic 

Tetradecenoic 

Hexadecenoic 

Octadecenoic 019 

Octadecadienoic 

C 20 - 2 S iinsatumted 

UDsaponifiable 



3-72 

3*7 

10-2 


1-20 

1-2 

2-5 

0-28 

0-77 

0-8 

1-3 


1-09 

M 

1-5 


2-76 

2-8 



8*11 

8-1 


3-28 

22-41 

22-5 

2 M 


11-61 

11-6 

9-9 


0-87 

0-9 

0-7 


012 

0-1 


019 

0-20 



0-81 

0*84 



2-64 

2-95 

3-0 

2-8 


36-72 

36-8 

31*4 


5-68 

5-7 

4.9 

0-72 

0-72 

0-7 


0-23 

0-23 




: Fat ( 
FROM 

IN Table 105 

Saponifkation equivalent 253-8 

lo^ne vali^ 
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’ L14, Esters freed from unssponifiable matter, S.E. 317'4. (Ci, unsatd. esters taken as S,E, 295-7, 1.V. 99-0.) 

(Cjo-ja unsatd. esters taken as S.E. 330-0.) 



TYPICAL ESTER-FRACTIONATION DATA 


(c) Calculated Composition of Total Pig Inner Back Fat Adds 


(i) All distillations from a Willsiaiter flask 



“SOUD” 
Acids S 

“Liquid” 
Acids L 

Total 

Fatty Acids (excluding 
Unsaponifiable) 

Acid 

(44-8 Per 
Cent,) 

(55-2 Per 
Cent.) 


Per Cent. 
(Wt.) 

Per Cent. 
(Mol.) 

Myristic 

003 

047 

0-50 

0-5 

0-6 

Palmitic 

2741 

3-62 

31-03 

31-1 

33-1 

Stearic 

16-14 

— 

16-14 

16-2 

15-5 

Hexadecenoic 

— - 

2-88 

2-88 

2-9 

3-1 

Oleic 

M9 

39-73 

40-92 

41-0 

39-7 

Linoleic 

— 

7-10 

7-10 

7-1 

6-9 

'-'2 0-22 

— 

1-27 

1-27 

1-3 

M 

Unsaponifiable 

0-03 

0-13 

0-16 




(ii) Esters of^* solid” acids distilled from a Willstdtter flask 
Jeters of**^ liquid” acids distilled through “ E.KP, column ” 


Myristic 

0-03 

0-99 

1-02 

1-0 

1-2 

Palmitic 

. 2741 

2-73 

30-14 

30-1 

32-2 

Stearic 

16-14 

— 

16-14 

16-2 

15-5 

Tetradecenoic 



0-28 

0-28 

0-3 

0-3 

Hexadecenoic 

— 

2-69 

2-69 

2-7 

2-9 

Oleic 

1-19 

39*65 

40-84 

40-9 

39-6 

Linoleic 

— 

7-10 

7-10 

7*1 

6-9 

Cao- 2 t unsaturated 

— 

1-67 

1-67 

1-7 

14 

Unsaponifiable 

0-03 

0-09 

0-12 




Analytical Characteristics of Original Pig Inner Back Fat (inclmBng UnsapomfiMe Matter) 


Calcuiated frcm Data in 
(c). Table 106 
(0 © 
285^9 285‘6 

52*7 53«6 


Deteimned 
O uMNAL Fat 


Saponification equivalent 
Iodine value 


2854 

54-3 



COMPONENT ACIDS OF A HYDROGENATED 


CHEMICAL CONSTITUTION OF NATURAL FATS 
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Calcuuibd CoMPOsraoN OF Ester-fractions 
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CHEMICAL CONSTITUTION OF NATURAL FATS 
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TYPICAL ESTER-FRACTIONATION DATA 

Equivalents of Saturated Esters present in the Lower Fractions 


No. 

Saturated Este 

LI 

249-2 

L21 

250-0 

L22 

254-2 

L23 

265-0 


In the above analysis, the nnsaponifiable matter was not removed initially, 
but the primary residual fraction L 5 was hydrolysed and the nnsaponifiable 
matter then removed, the recovered acids being re-methylated and refractionated 
as shown. The 61*92 g. of L 5 yielded 5*67 g. of nnsaponifiable ; in addition, 
traces of nnsaponifiable matter were present in fractions L 47 , L 56 , and L 57 . 
The corrected equivalents for the esters in these fractions, excluding unsaponi- 
fiable matter, were : 

No. S.E. 

L47 312-4 

L56 337-5 

L57 336-5 


The Ci 4 and Cjg unsaturated esters were taken as mono-ethenoid, whilst the 
remainder were calculated at the following values : 


Cl a unsaturated esters 
C20 »» »» 


Mean 

Unsaturation S.E. 

— 2-2H 295-8 

— 4-7H 321-3 

~7-lH 346-9 


I.V. 

94-5 

185-8 

260-0 


It will be seen, of course, that the final compositions credited to the primary 
fractions L 2 to L 5 are derived from the percentage compositions of the esters 
determined by refractionation of the respective fractions. 


(c) Calculated Composition of Total Hydrogenated Whale Fat Acids 



** SOXID *’ 

“ Liquid ” 


Acids 

Acids 


(23-1 Per 

(76-9 Per 

Acid 

Cent.) 

Cent.) 

Saturated: 

Myxistic 

4-39 

3-76 

Palmitic 

12-37 

3-53 

Stearic 

2-72 


Axachidic 

0-26 


Unsaturated : 

Tetradeoenoic 


1-98 

Hexadecenoic 


(— 2-OH) 
16-08 
( 

33-05 

Oleic, etc. 

1-32 


(-2-0H) 

(-2^H) 

O20 

1-90 

12-8^ 

(™2-0H> 

(-4-7H) 


0-14 

3-93 


<— 2-GH) 

(™7-lH) 

Dii^poiijfb,bie 

— 

1-70 


Fatty Aodds 
(exclueung 


Total 

Unsaponieiabue) 

Mean 


Per Cent. Per Cent. 

Unsat- 


(Wt.) 

(Mol.) 

uration 

8-15 

8-3 

9-9 


15-90 

16-2 

17-1 


2-72 

2-8 

2-6 


0-26 

0-3 

0-2 


1-98 

2-0 

2-4 

—2-OH 

16-08 

16-3 

17-5 

-2-OH 

34-37 

35-0 

33-7 

-2-2H 

14-77 

15-0 

13-2 

-4-4H 

4-07 

4-1 

3-4 

— 6-9H 

1-70 





Aitalytical CkaracteriMics of Hydrogetwte^ Whale Fat ijhtcbida^ Mdatter^' 

wmcm Data on 
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288-5 ^^2 

86-2 
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CHEMICAL CONSTITUTION OF NATURAL FATS 
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Refractionations 
Fraction S3 


TYPICAL ESTER-FRACTIONATION DATA 
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Saturated Esters Isolated from Certain Fractions 
Fraction Saturated Esters, S.E. 
S46 320*6 



CHEMICAL CONSTITUTION OF NATURAL FATS 
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(c) Caimkied Compositions of Total Hydrogenated Cod Liver Oii Acids 

" Solid ’’ “ Liquid ’’ Unsap. Fatiy Acids (excluding Unsaponifiable) 

Acids Acids Extracted Total Per Cent. Per Cent. Mean Unsaturation 

(76'6 Per Cent.) (22-2 Per Cent.) (1'2 Per Cent.) (Wt.) (Mol.) 


TYPICAL ESTER-FRACTIONATION DATA 
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CHEMICAL CONSTITUTION OF NATURAL FATS 

mixtures of acids, present in many animal and vegetable fats, and is chosen 
for the present purpose because the esters of the liquid "" acids were frac- 
tionated both from a Willstatter flask and also by means of the E.H.P, 
column (p. 378). The data show that substantially the same figures are 
obtained by the use of either the simpler or the more elaborate fractionating 
device. 

Tables 107 and 108. — ^A lightly hydrogenated whale oil of iodine value 
88'6, and a more completely hydrogenated cod liver oil of iodine value 24*8. 
These are included as types of the most complex mixtures of higher saturated 
and unsaturated fatty acids likely to be encountered. The data in question 
are referred to in some detail when dealing (pp. 401, 402) with the calcula- 
tion of the more complicated cases of ester-fractions, wherein two saturated 
esters and esters of two homologous acids of varying degrees of unsaturation 
may be simultaneously present. 

Some Features of the Caecueation of the Composition of 
Inuividuae Ester-Fractions 

The ideal case, in the ester-fractionation procedure for the analysis of a 
mixtmre of fatty acids, is to produce a series of ester- fractions, each of which 
shall contain not more than two saturated esters, accompanied by not more 
than one tmsaturated ester (or, at least, esters of unsaturated acids with the 
same number of carbon atoms). The composition of such fractions can be 
of course directly calculated from their saponification equivalents and iodine 
values. This holds for many fats in which the only unsaturated components 
belong to the Cis series of acids (oleic, oleic and linoleic or linolenic, etc.). 
When, as is usually the case, both oleic and linoleic (or linolenic) acids are 
present, the mean iodine value of the Cig unsaturated esters can be determined 
and the assumption made that these esters distil throughout in the same 
proportions ; this is not absolutely correct, but the error thereby introduced 
is usually negligible.* 

Obviously, if linoleic acid were the only polyethenoid acid present, it 
would only be necessary to employ the thiocyanogen value | in addition to 

♦ The boiling point of methyl linoleate is very sligbtly below that of methyl 
oleate. Even in distillation from a Willstatter flask, the ratio of linoleate to 
oleate in the lowest boiling fractions is slightly higher than in the main C13- 
nnsatnrated ester fractions. When the electrically heated fractionation column 
(p. 378) is employed, the partial concentration of methyl linoleate in the lower 
boiling fractions is somewhat more marked. Here, with mixtures containing 
high proportions of oleic and linoleic esters, it is frequently observed that the 
pnre Cjg unsaturated ester mixtures which come over first have a -definitely 
higher io d i n e value than those which follow. (This does not happen to have 
occurred in any of the instances cited in Tables 105—108.) In such cases the 
iodine value of the first pure ester mixture obtained may be used as an approxi- 
mate mean unsaturation value for any C^g esters in immediately preceding 
fractions, whilst of course each pure C^g ester-fraction obtained is calculated to 
oleic and linoleic ^ters according to its own iodine value, 

t Perhaps a word of caution should be given, in the light of present know- 
ledge, as regards the use of thiocyanogen values, at least for linolenic acid. 
Shinowara and Brown 2® have confirmed an earlier observation of Kimura 
that pure a ''-linolenic acid, which gives the theoretical iodine value, gives a 
much lower thiocyanogen value (i6i'0) than that (182-5) demanded by addition 
of thiocyanogen to two of the three double bonds. There is also some reason to 
think that the thiocyanogen value of linoleic acid may be i or 2 per cent, different 
from that required for complete addition at one of the two double bonds. 
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the iodine value and saponification equivalent in order to obtain a complete 
determination of ester-fractions which contain, for example, two saturated, 
one mono-ethenoid acid and linoleic acid, or one saturated and two mono- 
ethenoid acids with linoleic acid. But, in other fats, especially those from 
aquatic sources, the mixture of unsaturated acids (especially in the C20 3 ^^ 
C22 series) is complex, and it is not yet known with certainty how thio- 
cyanogen reacts with the highly unsaturated members. In cases of this 
kind, where imsaturated acids of the C14, C^g, C2o^ ^22^ and even C24 series 
accompany those of the Cig group, it becomes necessary to adopt a different 
method of evaluation of the ester-fractions, some of which then contain 
two saturated esters with esters of imsaturated acids belonging to two series 
(e.g. C16 and or Cig and C20, etc.). 

Hydrogenation has been used in order to evaluate the composition of 
ester-fractions of the kind under discussion. This procedure is excellent so 
long as the components belong only to two groups in the homologous series : 
for example, a mixture of esters of palmitic, unsaturated and unsaturated 
C18 acids. It often happens, however, that mixtures of three groups of the 
homologous series are present, so that the hydrogenated products include 
esters of three saturated acids. Thus, in the esters of the '' solid acids 
from a fish oil or hydrogenated fish oil, the higher fractions may contain 
palmitic, stearic, oleic, and gadoleic esters, or stearic, gadoleic, and cetoleic 
esters, etc. Similarly, some of the lower ester-fractions from the liquid 
acids contain m5u:istic, palmitic, hexadecenoic, and Cis unsaturated esters, 
or palmitic, Cis and C20 unsaturated esters, etc. In such cases the equivalent 
of the hydrogenated esters does not serve for the determination of all the 
fatty acids present in the hydrogenated ester-fraction. 

It seems better, therefore, to determine either the amount and/or the 
equivalent of the saturated esters present in the ester- fractions concerned. 

determination of saturated esters present in certain ester-fractions. A 

weighed quantity of the ester-fraction is dissolved in anhydrous acetone 
(10 vols.) and finely powdered potassium permanganate (passing a 50-mesh 
sieve) is added at such a rate that the mixture is kept in gentle ebullition. 
When the amount of permanganate present is four times that of the esters 
taken, the mixture is refluxed for some hours. The bulk of the acetone is then 
removed by distillation, and the residual solid matter powdered with about its 
own weight of powdered sodium bisulphite, after which it is dropped into dilute 
sulphuric acid solution, and decolorisation of manganic oxides present is com- 
pleted by heating. The organic compounds present are extracted with ether, 
and the ether solution washed repeatedly with potassium carbonate solution, 
and then with water, in order to remove all acidic products of oxidation. 

If the iodine value of the unattacked (neutral) portion of the oxidised esters 
exceeds i, it is necessary to repeat the oxidation process once, or even twice, in 
order to convert all unsaturated esters into acidic products (one oxidation is 
usually insufS.cient if the iodine value of the original ester exceeds 30—35). 
(The oxidation can be made more complete in one operation by employing 20 
volumes of acetone and an amount of permanganate equal to 10 times the weight 
of the ester-fraction, in place of the usual 10 volumes of acetone and perman- 
ganate equal to 4 times the weight of ester-fraction.) The last traces of acidic 
products of oxidation are difficult to remove from the saturated esters, and it has 
been found desirable, when determining the saponification equivalent of the 
recovered saturated esters, to neutralise the ^ght remaining acidity with 
o*iiV alcoholic potassium hydroxide before adding the known amount of o*5iV' 
alcoholic potassium hydroxide for the actual saponification. 

Owing to separation of salts of the acidic products of oxidation over the 
surfaces of the permanganate crystals, much of the latter remains unused even 
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when it is in a very finely powdered condition. In order to lessen the quantity 
of inorganic matter which has to be removed from the oxidised material, Steger 
and van Loon have employed the apparatus shown in Fig. ii. A glass extrac- 
tion thimble with a sintered' base is supported in the funnel which is fitted at 
its base into the flask, and is connected at the top with a reflux condenser. 
The glass extraction thimble is filled with permanganate crystals, the acetone 
solution of the ester is boiled in the flask, and acetone condenses and becomes 
saturated with potassium permanganate before it falls back into 
the flask. When reaction ceases, the acetone is distilled and the 
residue treated with sulphur dioxide solution to reduce manganic 
oxides. The aqueous solution is extracted with light petroleum, 
and the latter extract is then washed, first with water to remove 
mineral acid, and then three times with a 50 per cent, aqueous- 
alcoholic solution of a m monia or caustic potash to remove acidic 
products of oxidation. After washing free from alkali with more 
50 per cent, aqueous alcohol, the light petroleum solution of the 
saturated (unoxidised) ester is dried and the latter recovered and 
weighed. As in the preceding method, more than one oxidation 
is usually necessary before all of the unsaturated components 
have been oxidised, and the weight of the unoxidised material 
does not diminish further on repetition of the process. 

When, in the decolorisation of the residual manganic oxides, 
the solutions are boiled with sodium bisulphite solution, a loss 
of saturated compounds may occur if myristic and palmitic esters 
are present, due to the slight volatility of the latter in steam. 
The weights of higher saturated esters (stearic, arachidic, etc.) 
obtained agree closely, however, with those demanded by the 
equivalents and iodine values ; whilst, if decolorisation be 
efiected by pouring the acetone solution (after the oxidation is 
complete) into excess of an ice-cold aqueous solution of sulphur 
dioxide (containing a little dilute sulphuric acid), beneath a layer 
of ether, the yields of saturated esters of lower molecular weight 
are also in close accordance with those deduced from the"^ 
equivalents and iodine values. As a rule, the equivalent of the 
saturated esters may be used alone, since this will tend in 
general to be more accurate than the determination of their 
weight,®^ but for special cases in which it may be desirable ^to 
Fig. II. caleulate an ester-fraction in terms of a five-component mix- 

ture, the proportion of saturated esters may also be utilised, 
providing that possible loss of yield has been guarded against by the pre- 
cautions indicated. 

It has been found that, in the esters of solid acids from hydrogenated 
fats, the equivalents of the saturated esters present lie very close (within 1—2 
units) to those of the whole ester-fraction or, in other words, the saturated and 
nnsaturated components of a final ester-fraction in the analyses conducted as 
described above possess almost the same mean equivalents. Little alteration 
in the ultimate component acid figures is, indeed, introduced if the results are 
calculated throughout on this basis. 

It remains to be added that, when it is known that a portion of the ester- 
fraction will be required for oxidation, it is desirable to collect more (e.g. 7—10 g.) 
than would otherwise he included in a single fraction, in order to ensure that 
sufificient saturated ester is present to permit an accurate determination of its 
saponification equivalent ; this applies especially to lower-boiling fractions of 
esters of “ ifiquid ** or mainly imsaturated acids {cf. pp. 391, 396, Tables 107 (b) 
and 108 (&), fiactions Li, L21, etc.). • 

Details of the method of calculation involved.’*' As already stated, the 
composition of an ester-fraction which, it is reasonably certain, contains 
esters of only two saturated acids with unsaturated components all of the 

* An exhaustive mathematical analysis data and calculations involved in 
deternfining the component acids of marine animal oils has been given by 
Charnlev.®^ 
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saxne carbon content can be deduced from its equivalent and iodine value by 
corriparatively simple calculation. Again, ester-fractions which include only 
(unsaturated) derivatives of acids of two groups in the homologous series 
(e.g. Ci8 and C^o^ ^20 ^-nd C22) can be evaluated directly from their saponi- 
fication equiv^ents- In other cases, however, the computation becomes 
somewhat more complicated, since the weights of more than three independent 
components are involved. 

If y, ^ be the respective weights of saturated and two unsaturated 
esters in a fraction of weight w, and E^;, E^,, E^, E^^ be the corresponding 
equivalents and Ij,, I^, I^t, be the corresponding iodine values, we have : 

(i) :v~i-y-l-z=w 

(ii) ^/E^~hy/E^-{--sr/E^=z^/E«, 

(hi) y.Ij,-|-^.I^=ze;.I,o 

(Obviously, in equation (ii), saponification values Z^,, Z^, can be 
alternatively used if desired, the equation becoming : 

=w.Z^.) 

The values of y and z, the unsaturated components, are thus determined 
whilst, from that of x, the binary mixture of saturated esters is evaluated 
directly from its equivalent 

Occasionally, in the '' liquid ester-fractions (e.g. pp. 391, 392, Table 107 (6), 
fractions L27, L36, L42), at the point when palmitate and hexadecenoate have 
almost disappeared and when Cgo unsaturated esters are beginning to appear, the 
above equations yield negative values for one or other component when cal- 
culated to palmitic, hexadecenoic, and unsaturated esters, or to palmitic. 
Cl 8, and C20 unsaturated esters, but give positive values for mixtures of Cjg 
unsaturated accompanied by small proportions of hexadecenoate and C20 
unsaturated esters. In these instances the components may be calculated from 
the following equations {p, q, respectively, Cig, Cis, C20 unsaturated esters in 
Table 107 (fe)) : 

w 


It may be pointed out that, in use, the equations (i), (u), (hi) can be 
conveniently simplified by employing, in equation (ii), the reciprocal of the 
equivalents X 10®. This is best hlustrated by a definite example, e.g. 
Table 107 (b), fraction L25 (6*11 g., S.E. 275*8, I.V. 84*4, containing methyl 
esters of palmitic, hexadecenoic and Cig unsaturated esters of S.E. 295*8, 
I.V. 94*5) ; 


If p, A, and o represent the three classes of esters, the equations are : 

(i) 

(h) 

- . - . . (hi) 

Taking reciprocals xio« in (ii), 

370435 >-|- 373 i;t-f- 33 »i^=t>*ii X3 

Multipl3dng (i) by 37 ^ 4 ^ 37 <^ 4 p -f- 37 <^ 4 ^ -l-3704<? =6*1 1 X 37^4 

Subtracting 2,'jh — 3230= — 6*11x78 . . (iv) 

Sh-^Od.'^o= 6*11x84*4 . . (hi) 

2560^ — 306100= — 6*11x7394 
Eliminating h between (hi) -f- 25520= 6*11 x 2279 

and (iv), — 

331620=6*11x9675"' 

(whence A =3 *66 g. and 
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The evaluation of the full ester-fractionation data may be illustrated 
from those of the partly hydrogenated whale oil of iodine value 88-6, already 
given in Table 107 (pp. 390 “ 393 )- 

(a) Esters of the ‘'Solid Acids (Table 107 {a)). Since the lead salts of 
tetradecenoic and hexadecenoic acids are freely soluble in alcohol, the small 
iodine values in the lower fractions (S1-S6) can be attributed solely to methyl 
oleate, and the calculation is straightforward. Calculation of the components 
of S7, using the observed equivalent of the saturated esters present {x,y, z= 
respective weights of saturated, oleic, and gadoleic esters), showed that 
methyl gadoleate is not present. Similar calculations for S8 and S9 indicated 
the respective presence of palmitic, stearic, oleic, and gadoleic esters and of 
stearic, arachidic, gadoleic, and cetoleic esters. 

(b) Esters of the" Liquid Acids (Table 107 (Z>)). To illustrate the pro- 
cedure followed here it will suf&ce to consider the cases of the following ester- 
fractions from Table 107 (Jb) (pp- 391, 392) : Li, Lsi-Laq, L27, L34-L37, and 
L41— L44. 

From the determined equivalents of the saturated esters present in 
fractions Li, L21, L22, and L23 (Table 107 {h), p. 393) it is evident that 
the only saturated component present in L24 and higher fractions is methyl 
palmitate (stearic or higher saturated acids do not pass* appreciably into the 
'' liquid ** acids in the lead salt separations). 

Fractions Li, L21, L22, L23 are calculated from the equivalents of the 
saturated esters obtained after oxidation of the respective fractions, by 
employing the requisite data in the three simultaneous equations (i), (ii), 
(iii), on p. 401. 

Fractions L24-26, L31-35, and L41 are similarly calculated, taking 
methyl palmitate as the only saturated ester present. 

Fraction L23 gives a negative value'^for tetradecenoate, calculated as 
saturated, tetradecenoate, and hexadecenoate, but gives positive values for 
saturated, hexadecenoate, and C^s imsaturated esters. 

Fractions L27, L36, and L42, as already explained, give positive values 
for mixtures of Cis unsaturated accompanied by small quantities of hexa- 
decenoate and C20 unsaturated esters. 

Fractions L37, L43-47, and L51-57 are calculated, from the equivalents 
only, to binary mixtures of Cig and or C20 and esters. For this 

purpose it is necessary to ascertain as closely as possible the mean equivalent 
and iodine value of each group. Since individual ester-fractions containing 
only one of these groups (Cig, or C22) are not as a rule obtained, this is 
done by plotting the iodine values against the equivalents of the fractions 
and therefrom deducing the approximate iodine value of each group, which 
in turn fixes 4 ;heir mean equivalent. Although the mean iodine value deduced 
for each group (Cig, €20^ or C22 esters) may not be accurate to more than a 
few units, the corresponding equivalents will be little affected, since an 
alteration of 0*1 in saponification equivalent due to alteration in unsatura- 
tion requires a difference of 4 units in iodine value. For this reason, and 
also because (although the experimental error of determination of iodine 
value is probably less than that of determination of equivalent) any differ- 
ences in the proportions of individual rmsaturated members of any group 
(C18, C2o> or C22) hi any of these fractions will have much less effect on the 
equivalent than on the iodine value, it is preferred to employ the equivalents 
in the calculatidhs in these particular cases. (For the examples under dis- 
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cussion, the deduced equivalents and iodine values of the Cis, C20, and C22 
esters will be found at the end of Table 107 (6) (p. 393) .) 

In the residual fractions from the highest-boiling distillates, the unsaponi- 
fiable matter has of course to be allowed for and the equivalent of the esters 
present determined and employed in calculating the composition of these 
particular fractions. 

Having determined the approximate composition of each fraction, it is a 
comparatively simple matter to build up the compositions of the '' soKd 
and liquid ” esters as a whole, and therefrom to arrive at that of the whole 
of the component acids of the original fat. The operations and calculations, 
in the case of complex fats, are extremely lengthy and tedious, and in these 
instances a final accuracy, in the higher complex unsaturated acids, of not 
more than about ^2 units per cent, may only be reached. In the numerous 
natural fats with simpler mixtures of component acids, however, the final 
figures should be within ±0*5 per cent, of the true values ; not infrequently 
there has been evidence of even closer accordance, but the previous figures 
represent on the whole a safer general estimate. 

Even with the somewhat greater uncertainty attaching to the figures for 
some of the more highly unsaturated components of fish and allied fats, it 
may be claimed that the standard of accuracy accessible is not unduly low, 
especially when compared with that attainable in the quantitative assay of 
many other natural products of a complexity comparable with that of most 
natural fats. . 

In certain instances it has been possible to check the accuracy of the analytical 
procedure by either of two methods : 

(i) Comparison of the component acids of a hydrogenated fat with those of the 
original fat. The mixture of acids from a completely or partially hydrogenated 
fatty oil is of an essentially diJfferent type, so far as the analysis is concerned, 
from that from the original fatty oil, since the proportion of saturated acids is 
entirely altered by hydrogenation. A comparison of the results obtained from 
analyses of original and hydrogenated fats thus affords a somewhat rigorous 
test of the general accuracy of the procedure. A few instances of the kind, 
drawn from data in our laboratory records at Liverpool, are given by way of 
illustration ; it is of course necessary to compare the molar percentages of the 
various homologous acids present in each case. 


TABLE 109 

Palm Oil Fatty Acids (mol. per centS) (H. K. Dean) 


Myristic 

Original 

1-9 


After 

Hydrogenation 

0*7 

Palmitic 

34*3 


35*5 

Stearic 

5*3^ 



Oleic 

50*6 y 63 8 

% 

linoleic 

7-9j 


— 


Pig Back Fat Fatty Acids (jnoL per cent.) J. Stainsby) 


Original 

Partially 
Hydrogenated (1) 

Partially 

Hydrogenated 

Myristic 

3*5 

2*8 

2-2 

Palmitic 

26*6 

25-6 

28-1 

Stearic 

14*0^ 

18*1) 

28*21 

Oleic 

41*4^ 69*0 

50*9^ 69*9 

40*5}* 68*7 

linoleic 

13*6j 

0*9j 

J ,.0 

Cao~aa unsaturated 0*9 

1-7 
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TABLE 109 — continued 

Elasmobranch Liver Oil Fatty Acids (moL per eent.^ (A. Houlbrooke) 

Aftcr 



Original 

Hydrogenation 

/Saturated 

\Unsaturated 


2-5 

/Saturated 


/ 17-5 

-^18 /Unsaturated 


1 — 

^ /Saturated 


^39-8 

^ /Saturated 
'^20 /tJnsaturated 

lir 

^16*8 

^ /Saturated 
'^22 /xJnsaturated 


^13*4 

^ /Saturated 

9-7 

/lOO 

'-^24 "^^Unsaturated 

1 — 


(ii) Compctrison of component acids from fat-fractions separated by preliminary 
crystallisation from ctceione {pp, 412 - 416 ) with those of the original fat. Table no 
illustrates typical data for a palm oil and for an ox depot fat. 

TABLE no 

Palm Oil Fatty Acids (per cent, mol.) (L. Maddison) 


Fractxons from Acetone 



Least 

Intermediate 

Most 


Analysis of the 


Soluble 

Fractions 


Soluble 

Total 

Original Fat 

y " ' — ^ 

Percentage of 

whole fat 

7*0 6*8 

33*6 

10*1 

42*5 

100-0 

— 

Component acids (increments) : 
Myristic — — 

0*5 

0*1 

0*6 

1-2 

0-7 

Palmitic 

5*4 4-0 

16-0 

2-9 

11*3 

39*6 

39*8 

Stearic 

0*2 0*5 

1-9 

0*3 

1*0 

3*9 

3-6 

Hexadecenoic 

— — 

1-0 

0*1 

06 

1*7 

1-5 

Oleic 

1*4 2*3 

13-1 

6*0 

24*8 

47*6 

48-2 

Linoleic 

— Trace 

l-I 

0*7 

4-2 

60 

6-2 


Ox Depot Fatty Acids (per cent, mol.) (S. Paul) 
Fractions from Acetone 


Least 

Soluble 

Percentage of whole fat 23-9 

Component acids (increments) : 

Inter- 

mediate 

40-3 

Most 

Soluble 

35-8 

Total 

100-0 

Analysis of the 
Original Fat 

Laurie 

— 

0-1 

0-1 

0-2 

0*7 

Myristic 

0*3 

1-0 

1-1 

2-4 

3-2 

Palmitic 

11-1 

12-8 

9-5 

33-4 

32-2 

Stearic 

7-2 

10-0 

4-2 

21-4 

22-6 

Arachidic 

1-2 

0-1 

Trace 

1-3 


Tetradecenoic 

0-1 

0-2 

0-3 

0-6 

0*5 

Hexadecmoic 

0-3 

0-6 

1-0 

1*9 

1-8 

Oleic 

3-7 

15-1 

16-4 

35-2 

37-1 

Octadecadi^oic 

— 

0-4 

3-1 

3-5 

1-9 

02 0-22 unsaturated 

— 

— 

0-1 

0-1 



As would be expected, minor component acids present in very small quantities 
only become detectable in some cases as a result of concentration in one or other 
of the fractions separated by preliminary crystallisation of the fats fronj acetone. 
Similarly, the amount of a minor component acid fouifd by analysis of the mixed 
fatty acids of the whole fat is frequently slightly lower than that obtained as a 
result of analysis of the acids from fractions of the fat separated by acetone 
crystallisation, in one or other of which- the minor components usually tend to 
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II. Quantitative Investigation of Component 
Glycerides 

(a) QUANTITATIVE DETERMINATION OP FULLY SATURATED 
GLYCERIDES IN A NATURAL FAT 

The method employed (Hilditch and Tea ^2) involves the removal of 
large amounts of acidic compounds, mainly azelao-glycerides, from the 
oxidised fat. This process is attended by the production of emulsions, and 
it is clearly essential to take all precautions to keep the latter at a minimum, 
and to ensure that removal of the neutral, fully saturated glycerides from 
the aqueous alkaline solutions of the acidic products is complete. Under 
the best conditions it is impossible to be sure of the recovery of a minimal 
amount of fully saturated glycerides, probably of the order of o* 1—0*3 
which may be left dispersed in the aqueous salt solutions. It is therefore 
strongly recommended to oxidise sufficient fat to obtain at least 1—2 g., and 
preferably more, of the fully saturated components. 

In practice this means that, for fats of very low fully saturated glyceride 
content, at least 50 g. and usually 100 g. or more, if available, should be 
employed. Again, when it is required to determine the component acids of 
the fully saturated glycerides it is desirable to have at least 20 g. of these, 
and again, therefore, the oxidation of 50—100 g., or sometimes considerably 
more, of the fat must be undertaken. The procedure described below is for 
the oxidation of 100 g. of fat. When larger quantities are to be worked up, 
it is best to deal with batches of 100 g., or at most 150 g., at a time. 

The neutralised fat (100 g.) is dissolved in dry acetone (1,000 c.c.) in a 
3-litre round-bottomed flask fitted with a long air condenser. The solution 
is heated nearly to boiling, and then finely powdered (passing a 50-mesh 
sieve) potassium permanganate (400 g.) is added in small amounts, with 
vigorous shaking after each addition ; successive additions are made as 
soon as the solution (which is not heated externally during this part of the 
process) ceases to boil as a result of the heat evolved by the action of the 
previous addition. After all the permanganate is added, the contents^ of 
the flask are gently refluxed for several hours ; the acetone is then distilled 
off, the last traces being removed by evacuation (water-pump). The residue 
is then transferred to a large evaporating basin, ground to a fine powder and 
well mixed with powdered sodium bisulphite (500 g.). The mixture is 
cautiously added to water in another basin until the first vigorous action 
subsides and all unchanged permanganate has been reduced. (Any residual 
traces of product in the flask are removed by shaking with sodium bisulphite 
and hot water, and added to the main solution.) To the solution 30 per cent, 
aqueous sulphuric acid is now added until it is slightly acid to Congo red 
paper, and heat is then applied imtil the evolution of sulphur dioxide is 
completed. The mixture is then boiled until all manganic oxides have 
disappeared, cooled, and extracted with ether to remove the organic com- 
pounds or, if fully saturated glycerides are present in large amount, treated 
as described below. 


405 



CHEMICAL CONSTITUTION OF NATURAL FATS 


Separation of Neutral (Fully Saturated) Glycerides from 
Acidic Oxidation Products 

(a) When the proportion of fully saturated glycerides is fairly large, it is 
best to remove the solid layer of organic matter which solidifies on top of the 
cooled aqueous mineral acid extract, to wash this free from traces of mineral 
acid and salts by heating with water two or three times, and finally to dis- 
solve the washed, solid fat in ether (lo vols.) and cool the solution for some 
hours at o°. Fully saturated glycerides which then separate are filtered, 
washed with cold ether, and, if necessary, united for further purification 
with the fully saturated glycerides removed from the ether filtrates, etc. (see 
below) . 

The original aqueous mineral acid extract is united with the aqueous 
wash-liquors from the solid layer of fat, and is extracted with ether. This 
extract is united with the ether filtrates (from the crystallised fully saturated 
glycerides) for removal of acidic products of oxidation as described below. 

(b) If the amount of fully saturated glycerides is small, the above division 
into ether-insoluble and ether-soluble matter may be omitted. In this case 
the whole of the cooled aqueous mineral acid liquor is, as mentioned above, 
extracted thoroughly with ether, and the ether extract is washed with water 
to free it from mineral acid. 

The removal of acidic oxidation products from the ether solutions is the 
most dif&cult part of the process, on account of the great tendency of the 
al k ali salts of azelao-glycerides to promote the formation of emulsions. The 
procedure is different according to the proportion of mono-azelao-glycerides 
(i.e, mono-oleo-glycerides in the original fat) which may be present. 

^ (i) When the proportion of mono-azelao-glycerides is unlikely to exceed 

about 25 per cent, of the whole fat the ether solution may be cautiously 
extracted alternately with lo per cent, aqueous potassitim carbonate solu- 
tion and with distilled water. The separating funnel containing the mixture 
should not be violently agitated, especially in the earlier stages of removal of 
acidic matter. The azelao-glyceride alkali derivatives are readily partially 
hydrolysed by water, and this is one reason for the alternation of alkaline 
and pure aqueous washings. In addition, however, the alkali salts of the 
azelao-glycerides are readily soluble in ether (see below) and consequently 
tend to pass into solution in the ether phase in presence of aqueous alkaline 
solution. 

It is also useful, although not essential, to precede the first washing with 
potassium carbonate solution by two or three extractions with a lo per cent 
solution of potassium bicarbonate ; the latter removes the monobasic acids 
(nonanoic, hexanoic) formed by oxidation and also a considerable part of 
the diazelao-glycerides, with less tendency to emulsification, but leaves the 
mono-azelao-glycerides almost entirely in the ether layer. 

When the greater part of the acidic products have been removed in the 
course of the main potassium carbonate and water washings, the agitation 
should be made more thorough in order to effect complete neutralisation and 
removal of all acidic compounds. When no further material is removed by 
alkali, the ether solution is very thoroughly washed with water* AU the 
alkali and aqueous washings are united and re-extracted with ether in order 
to remove any traces of neutral compounds which may have been dispersed 
in the aqueous phase by emulsification. The ether is distilled frorq the 
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united ether extracts and the residual crude fully saturated glycerides are 
dried by heating at ioo° in a vacuum, and weighed. These still retain minor 
amounts of acidic compounds and, if sufficient in quantity, are further 
purified as described later (iv) . 

If they are too small in amount for further purification, the acid value 
and proportion (if any) of unsaponifiable matter are determined, and the 
weight is corrected accordingly (in the case of acidic matter, this may be 
assumed to be, e.g., azelaopalmitostearin, or alternatively, since the average 
acid value of the acidic products present is known to be usually of the order 
of 120, this figure may be used). 

Before^ however, the neutral products are accepted as fully saturated glycerides 
their iodine value must he determined. If this exceeds i, the crude product 
should he re-suhmitted to the whole oxidation process. In some cases a third 
oxidation may be necessary before all unsaturated and semi-oxidised neutral 
glycerides have been completely converted into acidic compounds. If the 
fat under investigation possesses an iodine value of more than 25-30, com- 
plete oxidation is rarely effected in one operation. 

(ii) When the proportion of mono-azelao-glycerides is fairly large a 
considerable amount of these may be separated, as sodium or potassium 
salts, by deposition from the ether solution. In this case, prior to extraction 
with aqueous potassium bicarbonate or carbonate solution, the ether solution 
of the oxidation products is first cooled at o® for several hours (if ether- 
insoluble glycerides have not already been separated earlier, cf. above) in 
order to eliminate any fully saturated glycerides insoluble in ether at 0°. 
(These are of course filtered separately and washed with cold ether.) The 
ether filtrates and washings are then warmed to about 30° and shaken 
vigorously with a small quantity (50—100 c.c.) of a similarly warm saturated 
solution of sodium or potassium carbonate. The small amount of aqueous 
alkali emulsion is rapidly run off after standing for a few moments, and the 
almost clear ether solution is set aside at 0° for several hours. The sodium 
(or potassium) salts of the mono-azelao-glycerides are deposited in a crystal- 
line form and can readily be removed by filtration and washing with cold 
ether. (From the alkali salts the free mono-azelao-glycerides may be obtained 
by acidification in aqueous solution and extraction with ether ; they may be 
purified subsequently by crystallisation from acetone at o°.) 

The use of sodium carbonate leads to separation of more of the mono- 
azelao-glycerides than when potassium carbonate is employed ; on the other 
hand, the products isolated in the form of potassium salts are purer than the 
corresponding material obtained as sodium salts. 

The ether filtrates and washings from the above mono-azelao-glyceride 
separation, together with the separated emulsion of aqueous alkali carbonate 
solution, are mixed and then submitted to the whole of the aqueous potas- 
sium carbonate and water washings described above under (i) . 

(iii) Steger and van Loon 34 have described an alternative procedure for 
removal of -the acidic products of oxidation. The organic compounds are 
recovered from the decolorised aqueous solution of mineral acids and salts 
by means of extraction with light petroleum (b.p. 40-60°), and the acidic 
products are extracted therefrom with a solution of ammonia in 50 per cent, 
aqueous alcohol. This removes much of the acidic compoimds, but the 
ammonium salts of some of the latter are partly soluble in the light petro- 
leum. The latter solution is therefore shaken with calcium chloride solution, 
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washed with water, and dried. The light petroleum is then removed by 
distillation and the residue extracted with ethyl acetate, which dissolves 
neutral fatty matter but leaves the calcium salts of the acidic products. 
Evaporation of the ethyl acetate solution yields the fully saturated glycerides 
free from acidic products. 

(iv) When 20 g. or more of crude fully saturated glycerides (obtained as 
in the above procedures) are available, a further purification process may 
conveniently be applied : 

The crude fully saturated glycerides are boiled in an open basin with 
water to which dilute potassium carbonate is added until the whole just 
remains definitely alkaline to phenolphthalein. The aqueous layer (which 
contains some emulsified neutral glycerides) is siphoned from the clear 
upper layer of neutral fat, and the latter is boiled several times with water 
until the washings are neutral. By this means 80-90 per cent, of the crude 
fully saturated glycerides are obtained in the form of material of negligible 
acid value whilst ether extraction of the united alkaline and aqueous washings 
yields a further quantity of fully saturated material which possesses a 
definite, though low, acid value. The free acidic compounds from the 
extracted aqueous alkaline washings axe isolated and their acid value deter^ 
mined, ahd the latter value is employed as a correcting factor for the acidic 
impurity in the ether extracted portion. In this way the proportion of fully 
saturated glycerides present in the original fat can usually be determined 
with a probable experimei^tal error of less than i per cent. 


The following numerical data for the oxidation of a butter fat may serve to 
illustrate the above method of purification : 

The fat yielded, as a result of complete oxidation, 33*6 per cent, of crude 
neutral products ; oxidations were conducted on six batches of 100 g. each, in 
order to provide suf&cient material for detailed analysis. 

On boiling the crude neutral product with dilute potassium carbonate, as 
described above, there were obtained ^ 

(а) 163*8 g. completely neutral fat, sap. equiv. 229*3 (acid value 0*4) 

(б) 22-9 g, fat extracted by ether, sap. equiv. 234*1 (acid value 6-4) ; 

(c) 12-5 g. acidic material, sap. equiv. 167*9 (acid value 211*2). 

Assuming that the acidic matter present in (b) has the same acid value as 
(c), the proportion of fully saturated glycerides in the original fat is 


33-fi / 
99 ’ 




2 2*9 X 204 *8 
211*2 


^=31-4 per cent. 


Further lamination of fully saturated glycerides. In isolated cases it 
has proved possible to identify definite components by fractional crystallisa- 
tion from ether or acetone. More frequently, at the time of writing, it is 
found useful to effect a rough separation into groups of component fully 
saturated glycerides by employing a less drastic crystallisation procedure, 
with acetone or ether as solvents, of the nature described on pp. 412-416. 
In the majority of cases, up to the present, the examination has been con- 
fined to determination of the component acids of the fully saturated 
glycerides ; this, however, permits the component acids of the mixed 
saturated-unsaturated glycerides of the fat to be determined by difference, 
and in this way gives a certain degree of insight into the structure of the 
latter, as well as of the fully saturated, types of mixed glyceride present. 

As an illustration of the kind of data obtainable by combining the 
determinations of fully saturated glycerides with those of component fatty 
acids, the figures for a hydrogenated sesame oil are quoted in Table iii. 
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TABLE 111 . COMPONENT ACIDS OF THE FULLY SATURATED AND MIXED 
SATURATED-UNSATURATED ACIDS OF HYDROGENATED SESAME OIL 
L V. 27*7 (M- B. Ichaporia) 

Fully saturated glycerides : 32*4 per cent. Cwt.) or 32*7 per cent. (mol.). 

Whole Fat Fully Saturated Glycerides 

Component Acids Component Acids 


Per CEisnr. (Wt.) Per Cent. (Mol.) Per Cent. (Wt.) Per Cent. (Moi 


Palmitic 

9*0 

9*9 

14*8 

16*2 

Stearic 

59*6 

58*9 

83*5 

82-3 

Arachidic 

1*0 

0*9 

1*7 

1*5 

Oleic (and /^^j-oleic) 

30*4 

30*3 

— 

— 

Distribution of Acids in the Component Glycerides of the Fat 


Whole Fat 

Fully Saturated 

Mixed Saturated 




Glycerides 

unsaturated 





Glycerides (by 





Difference) 


100 Mols. 


32*7 Mols. 

67*3 Mols. 

Palmitic 

9.9 


5-3 

4*6 

Stearic 

58*9 


26*9 

32*0 

Arachidic 

0*9 


0*5 

0*4 

Oleic (and zjo-oleic) 

30*3 


— 

30*3 


(b) QUANTITATIVE DETERMINATION OF TRI-Cig GLYCERIDES 
BY MEANS OF HYDROGENATION 

It has been stated in several places in the present book that, in many 
instances, tri-Cis glycerides present (usually as oleo- and/or linoleo-glycerides) 
in fats may be estimated {a) by converting the fat or fat- fraction into a 
totally saturated mixture by hydrogenation, and estimating the tristearin in 
the product, or {b) by partial hydrogenation to varying stages, determination 
of the amount and composition of the fully saturated glycerides at each 
stage, and therefrom the composition of the mixed saturated-unsaturated 
glycerides as above {cf. e.g. Chapter VI, pp. 194-197). A few practical notes 
are given here in connection with the hydrogenation process and with the 
determination of tristearin in completely hydrogenated fats. 

Hydrogenation. Any of the well-known methods of hydrogenation in 
the liquid phase may of course be employed, with either platinum, palladium 
or nickel as catalyst. Since, in work of the present nature, quantities of 
from 50 to 400 g. of hydrogenated fat may be required, hydrogenation of the 
liquid fat with a nickel-kieselguhr catalyst is probably most convenient. 

The catalyst may be prepared by dissolving crystalline nickel sulphate 
(125 g.) in water (1,000—1,500 c.c.) and adding Meselguhr (70 g.) of good quality. 
The suspension of kieselguhr in the nickel sulphate solution is boiled whilst 
anhydrous sodium carbonate (125 g.) is gradually added with vigorous stirring. 
After the addition of the carbonate is completed, the mixture is boiled freely 
for a few minutes, filtered^ at the pump, and the solid residue well washed with 
hot water. The washed cake is transferred to a basin, boiled with water, re- 
filtered and washed, and this process is repeated until the washings are entirely 
free from carbonate and sulphate. The cake is then dried at 100° and passed 
through a 50-mesh sieve. It is conveniently reduced (ca. 40 g. at a time) in a 
silica tube 3 feet long by i inch diameter heated in an ordinary combustion 
furnace. Reduction should be carried out for i— hours in a current of electro- 
l3rtic hydrogen at a temperature of 400—450®. The reduced catalyst is allowed 
to cool in the current of hydrogen to room temperature, and the hydrogen is 
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then replaced for 20—30 minutes by a current of carbon dioxide. The product 
may be stored in glass bottles in an atmosphere of carbon dioxide, and can be 
quickly weighed out on a balance in air as required without appreciable loss of 
activity. 

The fat to be hydrogenated (50—400 g.), together with 2-5 per cent, of its 
weight of the reduced catalyst, is placed in an iron vessel fitted with a flange, 
to which the cover is bolted, the joint being rendered gas-tight by means of a 
gasket. The cover is fitted with inlet and outlet valves, a thermometer pocket 
and a vertical stirrer passing through a stuffing box. The hydrogen is con- 
tained in a small gasometer supplied with gas from a cylinder and is passed 
through an inlet. meter into the hydrogenation vessel. From thence it passes 
through a Urechsel bottle, containing a little water in order to observe the rate 
of flow of the hydrogen, to the exit meter. The apparatus is tested for leakage 
of gas by passing hydrogen through it and noting the readings of the inlet and 
exit meters. If these are concordant, the passage of hydrogen is continued and 
the vessel rapidly heated by means of a Bunsen burner, whilst the contents of 
the vessel are stirred. When the temperature reaches 90° C., the needles of both 
meters are returned to zero and the difference between the readings of the inlet 
and exit meters gives the volume of gas absorbed by the oil as the hydrogenation 
proceeds. The optimum temperature of hydrogenation is 180° C. and the 
vessel is maintained at this temperature throughout the hydrogenation. When 
the requisite amount of hydrogen, calculated from the drop in iodine value 
required, is absorbed, the valves on the vessel are closed and the stirring stopped, 
the temperature being allowed to fall to about 100° C. The hydrogenation 
vessel is then rapidly opened and the catalyst removed by filtration, using a 
Buchner flask and funnel previously heated in a steam oven in order to maintain 
the fat in a liquid state during filtration. The vessel and filter are washed with 
boiling acetone and the fat obtained after complete removal of the solvent added 
to the main bulk. In the case of full hydrogenation of a fat, the catalyst may 
become de-activated towards the end of the operation and it then becomes 
necessary to add a further portion of fresh catalyst in order to complete the 
hydrogenation. 

Estimation ^of tristearin in fully hydrogenated fats. A suitable quantity 
of the completely hydrogenated fat (e.g. 20—50 g.) is crystallised repeatedly 
from large volumes of pure ether, either at 0° or room temperature. The 
proportions of ether and crystallisation temperatures used depend on the 
relative amounts of, for instance, dipalmitostearin, palmitodistearin, and 
tristearin present. Usually, an initial crystallisation at o®, using about 10 c.c. 
ether per gram of fat, serves to separate nearly all the dipalmitostearin 
present, together with any traces of semi-hydrogenated fat (mono-oleo- 
glycerides) and unsaponifiahle matter, from the bulk of the palmitodistearin 
and the whole of any tristearin present, these being deposited as crystalline 
solids. The products remaining in solution in the ether are recovered and, 
if in sufficient quantity (i.e. more than about 7 g.), may be again submitted 
to crystallisation from a more concentrated solution (e.g. 5 c.c. ether per 
gram of fat) at 0°. The insoluble products from the first separation are 
further repeatedly crystallised, if necessary first at 0°, but in later cases at 
room temperature, employing increasing proportions of solvent (up to 
20-25 c.c. ether j^r gram of fat) as the solubility of the deposited glycerides 
becomes progressively less. 

In this way a series of fractions is obtained, on each of which a deter- 
mination of saponification equivalent is made, and (in the case of the most 
soluble fractions) determinations of iodine value and of the proportion of 
unsaponifiahle matter (from the equivalents of the mixed acids after removal 
of the latter) . Each fraction is then assumed to contain only two components 
of the tvi>e tristeaxin-palmitodistearin, palmitodistearin-dipalmitostearin, or 
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dipalmitostearin-tripalmitin. The composition of each fraction is then 
calculated from its observed equivalent, allowance being made in the most 
soluble fractions for any unsaponihable matter and mono-oleo-glycerides. 
(Saponification equivalents of tristearin 296*7, palmito distearin 287-3, 
dipalmitostearin 278*0, tripalmitin 268-7.) 

The percentages of the various saturated glycerides are thus obtained, 
but only that of the tristearin (including any minor amount of oleodistearin) 
is actually used in any subsequent calculation. This is because the procedure 
(which is not absolutely reliable for tristearin, cf. below) does not lend itself 
to accurate determination of the dipalmitostearin, etc., present in the most 
soluble fractions. For purposes of calculation, therefore, only the deter- 
mined tristearin content is utilised ; the component acid analysis of the fat 
or fat-fraction under investigation provides more accurate data for the 
palmitic, etc., acids present, and, after deducting the tristearin found as 
^W-Ci8 glycerides, the remaining acids of the fat or fat- fraction can usually 
be allocated as mixtures of palmitodi-Cig and dipalmitomono-Cig glycerides. 
(This process, of course, has only been found useful for the many fats in 
which palmitic, stearic, oleic, and linoleic acids are the only major component 
acids.) 

The determination of tristearin described above is unsatisfactory in several 
respects and is only employed at the present time in default of a better method. 
In the first place, the small difference of 9*3 units between the equivalents of 
successive members of the series demands extremely accurate determinations 
of the equivalents of the fractions in order to lead to accurate results. In the 
second place, unfortunately, it appears that some factor at present unknown is 
liable to lead to the determined equivalents of the most insoluble fractions 
obtained from ether being sometimes fractionally below their true value. Thus, 
it frequently happens that the equivalents of these fractions, when determined 
from those of the acids recovered after the first saponification, are perhaps 
0*3— 0*5 units higher than those originally obtained. Finally, it is the present 
experience that, whilst for proportions of tristearin between o and 30 per cent, or 
above 70 per cent., the method is fairly reliable when extreme care is taken, it is 
liable to give low results when the proportion of tristearin in the hydrogenated 
glycerides falls between these limits. 

Fortunately, in cases in which this procedure is most necessary, the 
observed contents of tristearin are within either the low or high ranges 
specified ; whilst, moreover, the method has for the most part been used on 
fat-fractions obtained by preliminary separation by the acetone-crystallisa- 
tion process, and not on a whole fat. Consequently, any inherent error in 
the tri-Ci8 glyceride content determined in any one fraction is proportionately 
reduced when expressed as a percentage of the whole fat. 

Nevertheless, it is hoped that it will later be possible to abandon this 
method. At the time of writing, it appears that less drastic separation of 
about 100 g. of completely hydrogenated fat from acetone, and then from 
ether, may give three or more fairly large fractions in which dipalmitostearin 
will be present only in the most soluble, and tristearin in the less soluble 
portions. In this case, the composition of the glycerides in each sub- 
fraction may be calculated from the component acids present, the latter 
being determined by ester-fractionation. 

Some typical results obtained by the ether crystallisation procedure 
outlined above, for fractions of cacao butter initially obtained by pre- 
liminary crystallisation of the fat from acetone, are given in Table 1x2. 
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TABLE 112. FRACTIONAL CRYSTALLISATION OF COMPLETELY 
HYDROGENATED CACAO BUTTER FRACTIONS (W. J. Stainsby) 

From completely hydrogenated fraction A 
(least soluble^ 86*5 g,, I.V. 0-2) 


No. 

"o. 

M.P. 


Sap. Equtv. 

Ion, Val. 

A 

40*0 

720^ 


296*8 


B 

9*4 

69 0° 


294*0 


C 

14*2 

690° 


294*4 


D 

7*7 

670° 


291*7 


E 

8*9 

650° 


290*0 


F 

6*3 

— 


301-8* 

1*8 


From completely hydrogenated fraction B 




(intermediate^ 84*1 

g.,LV, 

0*5) 


A 

12*3 

70-0^^ 


292*3 


B 

11*1 

67-5° 


289*1 


C 

7*6 

67-5° 


288*5 


D 

10*3 

66-5° 


287*9 


E 

4-6 

65-5° 


285*3 


F 

11*6 

65-5° 


285*4 


O 

8*0 

65-0° 


285*6 


H 

9*4 

64-5° 


284*8 

0*7 

I 

9*2 

— 


290 0* 

2*3 


From completely hydrogenated fraction C 




(most soluble^ 81*1 


1*0) 


A 

11*1 

71-0'* 


295*9 


B 

8-6 

68-5'* 


291*4 


C 

8-7 

66-0° 


289*4 


D 

13*5 

65-0° 


287*8 


E 

11*5 

64-0° 


283*4 


F 

6*3 

63-5° 


281*9 


G 

7*6 

62-5° 


282*8 

0*8 

H 

13*8 

— 


307*6* 

4-6 


* Sap. equiv. (after removal of unsaponifiable matter) respectively 288*4 (A), 285*0 (J3), 
284-6 (C). 

Estimated composition (mol, per centS) of completely hydrogenated fractions A, C 
(from tristearin content and component acid analyses') 



A 

B 

C 

Tristearin 

73*0 

12-1 

20-2 

Palmitodistearin 

27*0 

78*9 

60*9 

Dipalmitostearin 

— 

9-0 

18-9 


{c) PRELIMINARY SEPARATION OF A SOLID OR SEMI-SOLID 
FAT BY CRYSTALLISATION FROM ACETONE 

This procedure, which is becoming increasingly useful in studying the 
glyceride structure of solid or semi-solid fats, results in the concentration of 
the fully saturated, mono-unsaturated-disaturated, di-unsaturated-mono- 
saturated, or tri-imsaturated glycerides of the fat into groups in which one 
or other of these types largely predominates. As a result of several systematic 
crystallisations and recrystallisations from varying proportions of acetone 
either at o° or at room temperature, two, three, or more of these groups or 
fractions of the fat may be obtained. Usually it is possible to effect separa- 
tion into three groups, the chief components of which in most instances (but 
not in milk fats or other fats, containing a high proportion of fatty acids of 
lower molecular weight than myxistic) will be as follows : 

A. feast soliMe : Fully saturated and mono-unsaturated-disaturated 
glycerides (with very small proportions, possibly, of di-unsaturated- 
monosaturated glycerides) . 
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B. Intermediate : Mainly mono-unsaturated-disaturated glycerides, but 

some di-unsaturated-monosatnrated glycerides are always present 
and, sometimes, a small proportion of fully saturated glycerides. 

C. Most soluble : Tri-unsaturated glycerides and most of the di-un- 

saturated-monosaturated glycerides ; but a little mono-xin- 
saturated-disaturated glyceride may also be present. 

The conditions for optimum separation naturally differ according to the 
particular fat under investigation. Experience goes to indicate, however, 
that the best method is first of all to crystallise the fat from a large volume 
of acetone (5-10 c.c. per gram of fat) at 0°, leaving the solution to stand at 
0° for three or four days. This ensures maximum deposition of the mono- 
unsaturated glycerides, the last portions of which seem to separate very 
slowly. The soluble portion then consists almost wholly of di- and tri- 
unsaturated glycerides and may be dealt with separately. The insoluble 
portion is again dissolved in acetone, this time in somewhat more concen- 
trated solution (e.g. 3— 5 c.c. per gram of fat) and left to crystallise overnight 
at room temperature. This usually results in the deposition of a crop of 
iodine value not exceeding 25 (and sometimes much less), which may be 
considered sufficiently free from di-unsaturated glycerides for the purpose of 
study, or, if not, may be submitted to a repetition of the last-mentioned 
process. 

The part soluble in acetone (from the crystallisation at room temperature) 
may with advantage again be crystallised from acetone (5—10 c.c. per gram 
of the portion, according to circumstances) at o® for 3 or 4 days, when a 
crop (referred to above as intermediate ") is usually obtained which 
contains a very high proportion of mono-unsaturated-disaturated glycerides 
(with possibly some fully saturated glycerides). The (usually relatively 
small) portion left in solution at this stage consists largely of di-unsaturated 
glycerides, but its iodine value is usually several units lower than that of the 
main '' most soluble group obtained in the primary crystallisation. A 
further crystallisation of this small fraction (which should only amount to 
5 per cent, or so of the original fat) under the same conditions as in the pre- 
ceding instance may give a further separation into two sub-fractions which, 
though not quite as low or high in iodine value, respectively, as the main 
'' intermediate '' and most soluble groups, may usually be added respec- 
tively to these without serious detriment to their further detailed investiga- 
tion. 

The above outline is, of course, largely illustrative and each fat must be 
dealt with as its composition demands. If a large quantity of fat is to be 
studied, a preliminary series of crystallisations on a portion of it (e.g. 100— 
300 g.) will serve to point to the most suitable procedure for the bulk. The^ 
following points, however, appear to be generally applicable : 

(i) Anhydrous acetone should be employed, and any acetone recovered 
from a previous crystallisation should be carefully redistilled over calcium 
chloride before further use. The presence of very little moisture in acetone 
has a pronounced effect on the solubility therein, especially at 0°, of the 
di-unsaturated-monosaturated glycerides. 

(ii) The mono-uinsaturated-cHsatiurated glycerides separate more com- 
pletely, as a rule, from acetone in dilute than in concentrated solution. 
This seeming paradox is not quite correctly stated, of course ; what is 
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reaUy meant is that, in A more concentrated solution, the concentration of 
the di-unsaturated glycerides present is also higher, and the problem is reaUy 
the separation of the mono-nnsaturated-disaturated and fully saturated 
glycerides from a mixed solvent which consists of acetone plus the dissolved 
di-unsaturated glycerides. The solubility of the mono-un saturated and 
fully saturated groups increases markedly with increase in the concentration 
of di-unsaturated glycerides in the acetone. 

(iii) To obtain a minimum amount of mono-unsaturated-disaturated 
glycerides in the most soluble group, the acetone solutions should be left 
at o° for at least three days. 

Three instances of the application of this preliminary separation of the 
mixed glycerides in natural fats are given below (Table 113). In the first 
two of these (ox depot and cow milk fats) the initial procedure (primary 
crystallisation from a fairly dilute solution in acetone at 0° for several days) 
was not followed in the form now recommended, which was however employed 
in the third case (pig perinephric fat) . 

TABLE 113. TYPICAL RESOLUTIONS OF FATS INTO GROUPS BY 
CRYSTALLISATION FROM ACETONE 
(a) Ox Depot Fat (S. Paul) 

About I kg. of the fat was subjected to systematic crystallisation from acetone 
at 0 ° or room temperature as follows : 

(i) The fat (in three portions for convenience) was dissolved in acetone 
(5 c.c. per g. of fat) and kept at room temperature overnight ; after filtering the 
separated fat the solution was then cooled at 0 ° overnight and a further fraction 
of fat separated : 

Separated at Left in Solutton 

Room Tempera- Separated at 0° at O® 


Fat 

Taken 

G. 


TURE 








"no. 

G. 

LV. 

"No 

G. 


No7 

G. 

I.V. 

350 

Ax 

102 

22*8 

Bx 

130 

35-7 

Cx 

US 

56 3 

350 

Aa 

95 

16-9 

B* 

161 

42-2 

Ca 

94 

57-6 

325 

A 3 

96 

19-3 

B, 

142 

41-6 

C 3 

87 

57-6 


(ii) Corresponding fractions were then united and further crystallised as 
shown in the scheme below ; 


Conditions of 
Crystalusation 


Fra< 

moNS 




Sep 

•arated 

Fat Left 

Crystalused 

Acetone 




Fat 

IN Solution 



(c.c. per 


Time 




Nos. 

G. 

G. Fat) 

Temp. 

(Hr.) 

No. 

G. I.V, 

No. G. LV. 


293 

3:1 

Atmospheric 

16 


244 159 

As 49 41-1 


433 

5:1 

0 ° 

6 

B 4 . 

347 37-1 

(further 16 hr. 








atO^) 




0 ° 

16 

Bs 

27 40-4 

J5« 59 55-3 

A5,~|-Bs 

76 

5:1 

O'* 

6 


66 40-6 

Da 10 53-8 

The 

eight fractions (A^, 

B 4 , Uj, Do, 

C-i, Co, 

Cj») finally obtained were 

th^ assembled into three groups of similar I.V. as follows : 




Per Cent. 






No. 

G. 

(Wt.) 

I.V. 

No. 


G, 

I.V. 

A 

244 

23-8 

15-9 

A* 


244 

15-9 

B 

413 

40*3 

37-5 

/B* 


347 

37-1 


' 



\Hx 


66 

40-6 







118 

56-3 





' 


94 

57-6 


368 

35-9 

57-4 



87 

57-6 







59 

55-3 
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^ i 

(b) Cow Milk Fat (S. Paul) 

Nearly 2 .^ kg. of the fat were worked up in portions of 300 g. or 600 g. at a 
time. In the first trial (series A^, etc.), crystallisation was first carried out at 
room temperature overnight, and the filtrate then left at 0 ° overnight (as in the 
ox depot fat, {a), above) ; but in the subsequent cases the order was reversed 
(initial crystallisation at 0 ° overnight, the deposited glycerides being recrystal- 
lised at room temperature overnight) . The details were as follows : 

(i) 302 g. milk fat in acetone (5 c.c. per gram fat) at room temperature over- 
night gave : 

A 1 , 3i’i g. (/. V. 25 * 7 ) and left in solution B^, 270*9 g. 

Bj, 270*9 g. in acetone (5 c.c. per gram fat) at 0 ° overnight gave : 

Cl, 77*7 g. (I.V. 32 * 0 ) and left in solution Z)i, zg 3-2 g. {I, V. 55 *a). 

Cl, 77*7 g. (I.V. 32 * 0 ) in acetone (3 c.c. per gram fat) at room temperature 
overnight gave ; 

Ej, 24‘g g. (/. V. 24-0) and left in solution 52 ‘8 g, (I. V. 36-4), 

(ii) The remainder of the milk fat was crystallised first at o® overnight 
(3 c.c. acetone per gram fat). 


Fat Taken 

Separated 

AT 0° 

Left in 

Solution at 0® 

G. 

No, 

G. 

' No. 

G. 

I.V.’ 

611*1 

A 2 

233*0 

Bz 

378-1 

56-0 

607*3 

As 

216*7 

Bz 

390-6 

55-7 

623*8 

A 4 

235*0 

B 4 . 

388-8 

56-1 

306*6 

Ag 

104*0 

Bn 

202-6 

54-3 


Fractions were recrystallised from acetone (3 c.c. per gram fat) at 

room temperature overnight : 


Fractions Separated at Left in Solution 

Recrystalused Room Temperature at Room Temperature 


No. 


0 

No. 

0 . 

I.V. 

No. 

G. 

I.V. 

A 2 


233*0 


71-9 

21-3 

Hx 

161-1 

37-3 

A 3 


216*7 

C7a 

71-7 

21-6 


145-0 

35-3 

A* 


235-0 

G3 

63-9 

20-7 


171-1 

34-6 

Ag 


104*0 

Gi 

32-6 

20-3 


71-4 

35-7 

The 

fractions A^, E., 

G-1-G4» I^ 1 » 

Hi-H*, 

Di, and B.; 

5 — Bg, were 

then assembled 

into the following groups 









Per Cent. 






No. 

G. 

(Wt.) 

I.V. 

No. 

G. 

I.V. 







1 

31*1 

25*7 







L 

24*9 

24*0 




296*1 

12*1 

21*5 

2 

71*9 

71*7 

21*3 

21*6 







8 

63*9 

20*7 







4 

32*6 

20*3 








52*8 

36*4 







1 

161*1 

37*3 



B 

601*4 

24*5 

36*8 

H. 

145*0 

35*3 







s 

171*1 

34*6 







1 

71*4 

35*7 







1 

193*2 , 

55*2 








378*1 

56*0 




1553*3 

63*4 

55-2 

■! it 

390*6 

55*7 








388*8 

56*1 








202*6 

54*3 




CHEMICAL CONSTITUTION OF NATURAL FATS 

TABLE 113. TYPICAL RESOLUTIONS OF FATS INTO GROUPS BY 
CRYSTALLISATION FROM ACETONE—continued 

(c) Pig Perinephric Fat (W. H. Pedelty) 

(i) About 1*2 kg. of the fat were crystallised, first from acetone (5 c.c. per 
gram of fat) at 0° for three days : 


Fat Taken Separated at 0° Left in Solution at 0° 

A. 


G. 

‘^No. 

G. 

No. 

G. 

I.V. 

4040 


207-2 

Cl 

196'8 

72-9 

405-9 

As 

231 -S* 

C 2 

174.4^ 

74-7 

412-0 

A, 

214-4 

C 3 

197-6 

73-8 


(ii) Fractions A^, A 2, A3 recrystallised from acetone at room temperature 
overnight as follows : 


Fractions AcetonrTJsed 

Separated at 

Left in Solution 

Crystallised 

(c.c. PER 

Room Temperature 

at Room Temperature 


G. Fat) 






No. G. 


No. 

G. I.V. 

No. 


I.V. 

Ai 207*2* 

5:1* 

Ai2 

138-5* — 

Bi 

68-7* 

43-5 

Aia 138-5 

10:1 

D 

92-7 22-8 

Bi2 

45-8 

45-5 

231-5 

10:1 


73-8 25-7 

B 2 

157-7 

42-0 

214-4 

10:1 


86-3 21-4 

Bs 

128-1 ' ^ 

39-4 

* In these instances the acetone used was slightly moist : 

the effect is evident. 


' \ 

(iii) Fractions Bi and also B2 and B3, were united and crystallised from 
acetone (10 c.c. per g.) at 0° for 3-4 days : 


Fraction 

Crystallised Separated at 0® Left in Solution at 0® 


Nos. 

G. 

No. 

G. 

i.v: 

No. 

G. 

I.V. 

Bi+Bi 

114-5 


97-7 

36-8 


16-8 

62-0 

Ba-j-Ba 

285-8 


237-4 

36-3 


48-4 

62U 


(iv) Fractions Fi and Fg were united and recrystallised from acetone (5 c.c. 
per g.) at o® for 2 days, but gave little further separation (23-8 g. at I.V. 54-9 
insoluble, and 41*3 g. at I.V. 66*i). It was therefore decided to treat these 
(reunited) as a separate small fraction of the fat. 

The fractions C^, Cg, C3, L3, Eg, Fj, Fg were accordingly assembled 

into the following four groups of similar iodine value : 


No. 

G. 

Per Cent. 
(Wt.) 

A 

252-8 

20-7 

B 

335-1 

11-4 

C 

65*2 

5-3 

D 

568-8 

46-6 


I.V. 

No. 

G. 

I.V, 


pi 

92-7 

22-8 

21-5 


73-8 

20-1 


Pa 

86-3 

21-4 

36-8 


97-7 

237-4 

36-8 

36-3 

62-1 

/Fi 

If, 

16-8 

48-4 

620 

62-1 


fC, 

196-8 

72-9 

73-8 


174-4 

14-1 


\c. 

197-6 

73*8 
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INDEXES 


The more important references are indicated by page numbers in 
heavy type. 

For convenience, the numerous individual fats (with plant families), 
and individual natural fatty acids and glycerides, are dealt with separ- 
ately in two indexes which follow the general subject index. 


GENERAL INDEX OF SUBJECTS 

Acetic acid, 130 

Acyl groups, migration of, in glycerides, 35I-353. 35^ 

Adipic acid, 331 

Alcohols, higher aliphatic, 10, 29, 30, 32, 53, 54, 284, 286, 306, 317, 348, 

359-364 

Aldol condensation, 281-284, 287, 288, 306 
-Amino ethyl alcohol, 167 
Amphibia, fats of, ii, 61-63, 89, 90, 232, 325 
Antioxygenic compounds, 301 

Assimilation of preformed fats by animals, 12, 44-46, 66-67, 7 3 ^ 7 5 > 
85-87, 100-102, 235, 241, 255-259, 271, 272, 275, 276, 290-295 
Association ratio 190-193, 205, 207, 208, 209, 246, 249 
Azelaic acid, 316, 321, 322, 325, 329, 338, 339 
„ „ semi-aldehyde, 316, 322 

Azelao-glycerides, 18, 188, 209-215, 223, 405, 406, 407 


Bark fats, 108, 109, in, 112, 169 
Batyl alcohol, 10, 29, 30, 348, 362—364 
Beechwood tar, 311 
Belfield test, 247 
Benzoic acid, 130 

Bio-hydrogenation, 20, 30, 47, 48, 218, 236,. ^38, 239, 247, 253, 267, 275, 
276, 278, 280, 284-287, 293, 363 

Bio-oxidation, 20, 47, 239-243, 267-269, 275, 276, 280, 284-288, 297-301 
Biosynthesis of fats (animals), 271-280, 281 
„ „ „ (by enzymes), 282, 283 

,, ,, „ (plants), 264-270, 281 

Birds, fats of, 64-71, 182, 183, 244, 245, 291, 292, 325 
Blood glycerides, 100, 238, 240, 277, 297 
„ phosphatides, 100, 238, 275, 277 
Brassylic acid, 328 

Bromo-additive compounds of fatty acids, 22-23, 54» 61, 67, 84, no, 123, 

167-169, 320, 332-337. 373 

„ „ „ of glycerides, 16, 185, i86, 193, 227, 228 

„ ,, ,, of phosphatides, 167 

Bromostearic acids, 323 
Brown coal tar, 311 
Butter fats, see Milk fats 
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GENERAL INEEX OF SUBJECTS 

Carbohydrates, conversion into fats, 241—243, 264—273, 281-289 
„ ,, of fats into, 296—297 

Carnivora, fats of, 76 
Carotenoids, 348, 349 
Catadonyl alcohol, 361 
Cerebrosides, 3, 329 
Ceryl alcohol, 307, 359, 360 

Cetyl alcohol, 53, 54, 231, 284, 306, 348, 359, 360, 363 
,, glyceryl ether, 362, 363 
,, laurate, 53, 231 
,, myristate, 53, 231 
,, palmitate, 53, 231, 290 
Chimyl alcohol, 10, 29, 30, 348, 362—364 
Chlorohydroxystearic acids, 320, 321 
Cholesterol, 30, 33, 54, 61, 100 
Choline, 167 
Chyle, 290 

Clupanodonyl alcohol, 361 
Cryptogam fats, 13, 106— 108, 112, 326 

Crystallisation of unsaturated fatty acids at low temperatures, 315 


Debromination of bromo-fatty acids, 320, 332—337, 373 
n-Decanedicarboxylic acid, 322 
ft-Decanol, 360 
w-Decenol, 361 

Depot fats (animals), 8, 9, 11-12, 17, 60-88, 99, 181, 182, 183, 187, 232 
239, 244-254, 277-280, 288, 289, 291, 292, 335, 332, 341. 

Desaturation, 276, 285, 293 
Deuterium-containing fats, 275, 293, 294 
Dibromostearic acids, 315, 320, 32 x 
Dichlorostearic acids, 320, 321 
Digestibility of ingested fats, 294 
Diglycerides, 350, 351, 352, 356 
Dihydrochaulmoogric acid, 331 
Dihydroxybehenic acids, 321, 322, 328 

Dihydroxystearic acids, iio, iii, 135, 316, 320-322, 327, 328 
ft-Dodecanol, 359, 360 
n-Dodecapentaenal, 284, 306 
>t-Docosanol, 359 
u^-Docosapentaenol, 54, 361 
ft-Docosenol, 150, 327, *359, 360 


Egg phosphatides, 68, 69, 341 
Eggs, fats of, 42, 44, 68-71, 29X, 292, 341 
n-Eicosanol, 359, 360 
fi-Eicosatetraenol, 54, 361 
f*-Eicosenol, 53, 150, 327, 359, 360 
Elaidic glycerides, ingested, 275, 293 
Elaidyl alcohol, 317, 361 
Embryo (seed), 113, 114 
Endosperm (seed), 113, 114 

Enz5nne syntheses of fatty acids and fats, 282, 283 
Ester-fractionation, 4, 109, 114, 123, 341, 367, 373-381 
,, data, calculation of, 398—404 

,, ,, t5rpical detailed, 38 x— 397 



GENERAL INDEX OF SUBJECTS 

Fasting, effect on animal body fats, 37, 43—44, 84 
„ ,, ,, ,, milk „ 95, 98, 241-343 

Fats, analytical characteristics of, i 

atmospheric oxidation of, 300, 301 
,, bark and stem, 108, 109, irr, 1x2, 169 
,, biosynthesis of (animals), 271—280 
,, ,, „ (plants), 264—270 

,, bird, II, 12, 64—71, 182, 183, 244, 245, 291, 292, 325 
,, brominated, separation by crystallisation, 185, x86, 193 
,, cryptogam, 13, x 06— 108, 112, 326 
,, depot, mobilisation of, 296—298 
.. egg, 42, 44, 68-71, 29X, 292, 341 

,, fish, 3, xo— IX, x6— x 7 , 28—50, 89, 227-230, 274, 279, 280, 288, 292, 
293, 299, 309-31X, 324-326, 340-342, 367, 379 
,, fish, influence of food, salinity, etc., 33, 37, 46, 51, 274, 279, 280 
,, formal classification of, 2, 3 

,, fruiUcoat, 13, 14, 17, x8, 20, 1x3— X2i, 169, 182, 184, 189-192, 197, 
222—226, 265—267, 299 

,, hydrogenated, separation by crystallisation, 18, 19, 184—185, 187, 
193—197, 198, 201, 202, 409—4x2 
,, individual — see Separate Index, pp. 427—434 
,, ingested, 12, 44—46, 66-67, 73 — 75 > ^ 5 ~^ 7 , 100-X02 
,, insect, 63—64 

,, leaf, 108, 109, ixo, XIX, 112, 169, 264, 265 

,, natural, biological relationships, 8—14, 24, 33, 37, 41—44, 46-50, 
52-57, 61, 62, 64-75, 79, 83, 84, 89-100, 109, 120, 121, 
165, 265-281, 288-289, 313, 363 
,, ,, component acids of, 5—14, 22—170 

,, ,, ,, glycerides of, 14—21, x 8 1—261 

„ ,, major and minor component acids, 8, 109-112, 116, 122— 

128, 132, 134, 136, 138, 141, 143-146, 149, 150, 152, 154, 
156, 159-162, 199, 251, 264 
,, of amphibians, ii, 61—63, §9* 9^^, 232, 325 

,, of aquatic origin (fresh- wat^r) , xo— 12, 22—27, 37— 47> 106, 325 
,, ,, ,, ,, (marine), xo— 12, 16—17, 22—37, 4^—59^ 93» 106, 217, 

218, 227—232, 274, 279, 280, 288, 292, 293, 299, 
309-3 II, 324-326, 332, 340-342 

,, of land animals (depot), 8, 9, xx— 12, 17, 60—88, 99, 181, 182, 183, 
187, 232—239, 244—254, 271—274, 277-280, 288, 
289, 291, 292, 325, 332, 341 

,, ,, (liver), 73, 87-93, 99, 274-277, 325, 341 

,, ,, ,, ,, (milk), 3, 9, 12, 17, 93-X02, 181, 183, 187, 232-243, 

254—261, 280, 288, 289, 291—293, 324, 367, 369, 
370 > 374 . 379 > 382-385 

,, of marine mammalia, 50—59, 93, 217, 218, 227—232, 274, 279, 280, 
299, 324-326, 340-342, 359-364 
,, of reptiles, ii, 61— 63, 89, 90, 325 
„ of rodents, 7i-75. 9^. 244, 325 

,, root, 108, 1x2, 169 

„ seed, 9, 12-14, 17, x8— 21, 1x3-1 14, 121— 170, 181— 186, 187—222, 
265—270, 281, 285, 288, 291, 292, 296, 297, 326-340 
,, solid natural, separation by crystallisation, 19, 182—184, 4x2-416 
Fatty acids, component, quantitative determination of, 4, 109, no, 
366—404 

„ „ cyclic, 7, 13, 122, 142, 143, 144. 146, 147. 185, 295, 313. 3i4> 

329-331 



GENERAL INDEX OF SUBJECTS 

Fatty acids, '"even distribution "" amongst glycerides, 15, 17, 19-31, 

188-199, 204-225, 236, 252-253, 264 
„ „ individual, see Separate Index, pp. 435~437 

,, ,, constitution of, 305—342 

II „ ,, isolation of, by low-temperature crystallisation, 

315, 332, 338 

,, ,, ,, unsaturated, conjugated, 7, 13, 122, 131— 135, 142, 

154, 198, 28r, 286, 313, 3i4> 322, 327, 338-340 
,, ,, ,, unsaturated, geometrical isomerism of, 316—3x9, 

323, 327-329* 332-336* 338-340 
,, ,, isolation from fats, 367—368 

of lower molecular weight, quantitative separation, 367, 
369-370* 382, 385 

„ ,, saturated, melting points and X-ray spectrum analysis of, 

151* 306-308, 310, 311, 341 
Films, monomolecular, 317 

Fish, fats of, 3, lo-ii, 16-17, 28-50, 89, 227-230, 274, 279, 280, 288, 292, 
293* 299, 309-311, 324-326, 340-342, 367, 379 
,, life-cycle of, and composition of fats, 37, 41—44 
Formic acid, 130 

Fractional vacuum distillation (higher fatty acid esters) , apparatus for, 
374-381, 398 

Fruit-coat fats, J3, 14, 17, 18, 20, 113— 121, 169, 182, 184, 189-192, 197, 
222—225, 265—267, 299 
Fruits, structure of, 113— 114 


Geometrical isomerism in fatty acids and glycerides, 316-319, 323, 327- 
329, 332-336, 338-340 

Glycerides, brominated, separation by crystallisation, 185, 186, 193 
,, component, abnormal types, 20, 2X, 189—191, 233—243 

„ attempted calculation from proportions of com- 
ponent acids, 188, 204—205, 2x8, 2x9 
,, ,, quantitative determination of, 4, x 87— 261, 291, 

405-4x6 

„ fully saturated, component acids of, 206—208, 217, 218, 223, 

229-231, 244, 246, 249, 252, 254, 256, 258, 
260, 408, 409 

,, ,, ,, determination of , 17, 188—193, 405—409 

„ „ ,, in natural fats, 15; 17, 20, 187—193, 194—198, 

201—203, 205—215, 217, 218—231, 232—239, 
243-252, 254-260, 274, 275, 278, 412-414 
„ hydrogenated, separation by crystallisation, 18, 19, 184—185, 

187, X 93— 197, 198, 201, 202, 409—412 
„ individu^, see Separate Index, pp. 437-438 

„ natural mixed, configuration of, 19, 187, 211-2x3, 216, 2x7, 

247* 350, 358 

„ polymorphism of, 350-358 

„ separation by crystallisation from acetone, 19, 187, 198—203, 

208, 210, 2ir, 213— 215, 232, 250-252, 412- 
416 

»> ,, ,, fractional crystallisation, x 82-1 84, 207, 208 

>* ,, „ ,, distillation, 184 

„ simple, 14-16, 181, x82, 183, 186, 189, 352, 353 

,, synthetic, 305, 35o~-35S 



GENERAL INDEX OF SUBJECTS 


Glycerol, 348 

,, higher aliphatic ethers of, 10, 29, 30, 348, 362—364 
a-Glycerophosphoric acid, 167 


Herbivora, fats of, 77—102, 232-261 ^ 
Hexabromostearic acids, 337—338 
n-Hexacosanol, 307, 360 
w-Hexadecaheptaenal, 284, 306 

w-Hexadecanol, 53, 54, 231, 284, 306, 348, 359, 360 
w-Hexadecenol, 53, 54, 361, 363 
n-Hexadienal, 283 

Hexahydroxystearic acids, iii, 337—338 
M-Hexenal, 284 
w-Hexenol, 284, 361 

Hydrolytic rancidity, 299 
Hydroxystearic acid, 319, 323 


Induction period (oxidation), 300, 3or 
Ingested fats, digestibility of, 294 

„ „ effect on animal depot fats, 12, 44-46, 66-67, 73—75, ^ 5 - 

87, 272, 275, 276, 290—294 

„ „ ,, ,, „ milk „ 100-102, 235, 241, 255-259 

,, fatty acids essential to health, 295 
Insects, fats of, 63-64 

„ waxes of, 307, 311, 359-360 
Iodised fats, 275 
a-Iodohydrin, 352 

lodostearic acid, 319, 323 
OyS-Isopropylidene glycerol, 351, 352 


Kephalins, 167—169 
Ketolstearic acids, 300, 322 
Ketone rancidity, 299 
Ketostearic acids, 315, 319 
Keto-n-tetratriacontanol, 360 
Kreis test, 300 


Labelled fats, 275, 276, 293 
Lauraldehyde, 284, 306 
Layers, monomolecular, 317 

Lead salts of fatty acids, separation of, 22, 64, 70, 76, 109, 123, 168, 314, 
323, 328, 367, 370-372, 373, 382, ^ 5 , 386, 389, 390, 393, 394, 397 

Leaf fats, 108, 109, no, iii, 112, 169, 264, 265 
„ waxes, 307, 311, 359, 360 
Lecithins, 68, 69, 167, 168, 290 
Linoleyl alcohol, 295, 361 

Lipoids (lipins), formal classification of, 2, 3 
Liver fats (animals), 73, 87—93, 99, 274—277, 325, 341 

,, phosphatides, 49, 68, 69, 87, 90-93, 275-277, 324, 326 
Lymphatic system, 290, 291 



GENERAL INDEX OF SUBJECTS 

Maleic anhydride, adducts with unsaturated fatty acids, 339, 342 
Marine mammals, fats of, 5o~S9> 93. 217, 218, 227-232, 274, 279, 280, 
299, 324-326, 340-342* 359 - 3^4 
Melissyl alcohol, 307, 359, 360 

Methyl ^-heptyl, w-nonyl, and ^-undecyl ketones, 300 
Milk fats, 3, 9, 12, 17, 93-102, 181, 183, 187, 232-243, 254-261, 278, 280, 
291-293, 324, 367 > 3 o 9 > 370, 374 * 379 * 3S2-385 
,, ,, mode of production of, 100 

,, phosphatides, 100 
Mobilisation of reserve fats, 296—298 

Molecular filtration hypothesis of fat deposition, 44, 54, 57 
Monoglycerides, 350, 351, 352, 356 


TZ^-Nonadienols, 284 
^-Nonenol, 361 


^^-Octacosanol, 360 
^-Octadecadienol, 295, 361 

w-Octadecanol, 53, 54, 231, 348, 359, 360, 362-363 
»-Octadecaoctaenal, 284 

n-Octadecenol (oleyl alcohol), 32, 53, 54 * 231* 2S6, 317, 348, 359, 361, 363 
f^-Octadecenyl (oleyl) glyceryl ether, 362, 363 
^-Octadecyl glyceryl ether, 362, 363 
^-Octanol, 360 
'W-Octatrienal, 283, 284, 306 
Oenanthaldehyde, 329 
“ Oleo oils,"' 254 
Oleyl hexadecenoate, 231 
,, oleate, 231 

j 3 -Oxidation, 238, 286—288, 297—300 
ct>-Oxidation, 238, 298 

Oxidation of fatty acids (alkaline permanganate), no, in, 320-322, 327, 
328, 329, 333-336 

,, of fats, atmospheric, 300, 301, 372 
,, ,, „ multiple alternate, 238, 298 

,, ,, ,, (permanganate-acetone), 188—189, 231-233, 316, 325, 

326, 328, 333, 338. 339, 393, 395, 399-400, 405-408 
Oxidative rancidity, 299—301 
Oxidostearic acids, 321 

Ozonisation, 316, 325, 326, 331, 333, 338. 339, 342 


M-Pentacosanol, 359 

Peroxide value, 300, 301 

Phosphatides (phospholipids), 3, 49, 60, 61, 68, 69, 87, 90-93, 99, 100, 108, 
109, 166-170, 264, 26s, 269, 275-277, 297, 305, 311, 324, 326, 341 
Phosphatidic acids, 108, 264 
Physeteryl alcohol, 361 
Polenske value, 93, 94, 100 
Polyene aldehydes, 283, 284, 287, 306, 359 

Progressive (or partial) hydrogenation of glycerides, 16, 18, 19, 187, 193, 
194-197, 220, 221, 224, 225, 239, 244, 247 
Proteins, conversion into fats, 267, 271 



GENERAL INDEX OF SUBJECTS 
Rancidity, 298-301 

Reichert-Meissl value, 93, 94, 98, 100, 255 
Reptiles, fats of, ii, 61-63, S9, 90, 325 
Resin (rosin) acids, 112, 117, 126, 128, 189 
Respiratory quotient, 243, 265—266, 271 

Rodents, fats of, 71-75, 90, 92, 244, 278-280, 291, 292, 295, 325 
Root fats, 108, 1 12, 169 


Saturated acids, determination of, by lead salt separation, 22, 64, 70, 76, 

109, 123, 168, 367, 370-372, 373, 
382, 385, 386, 389, 390, 393, 394, 

397 

,, ,, „ „ by oxidation (Bertram), 64, 109, 123 

,, esters, ,, ,, ,, „ (permanganate-acetone), 

393, 395, 399-400 

Sea-birds, fats of, 67, 68 

Seed fats, 9, 12-14, 17, 18-21, 113— 114, 121— 170, iSi— j:86, 187-222, 265- 
270, 281, 285, 288, 291, 292, 296, 297, 326-340 
Seeds, changes in fats during germination of, 296—297 
Selachyl alcohol, 10, 29, 30, 348, 362—364 
Spermaceti, 53 

Squalene, 10, 29, 30, 106, 348, 349 
Stem fats, 108, 109, iii, 112, 169 
Sterols, 29, 106, 311, 348 
Suberic acid, 316, 321, 322 
Succinic acid, 342 

Synthetic triglycerides, 305, 350-358 


Talloel, 1 12 

Temperature, climatic, influence on fats, 14, 120, I2X, 129, 130, 13 1, 280 
,, influence on animal fats, 48, 83, 278—280, 294 

Testa, 113, 114, 166 

Tetrabromostearic acids, 78, 79, 84, 90, 99, 102, 332—336 
^-Tetracosanol, 359 
w-Tetradecanol, 53, 231, 359, 360 
^-Tetradecenol, 53, 54, 361 

Tetrahydroxystearic acids, 78, 79, 84, 90, 99, 102, iii, 333-336 
Thiocyanogen value (determination of linoleic acid), 68, 70, no, 123, 
366, 398, 399 
:?z-Triacontanol, 360 

Triglycerides, synthetic, 305, 350—358 
Trihydroxystearic acids, 329 
Trimethylene glycol, 348 

Tristearin content of hydrogenated fats, 18, 19, 187, 193— 194, 198, 201, 
202, 220, 221, 244, 247, 250, 409—412 
Trityl (triphenylmethyl) derivatives of glycerol, 353, 356 
Tri-unsaturated glycerides, 185, 186, 188, 193-197, 198, 201—204, 208, 
218—222, 223-225, 228—230, 232, 238, 239, 244, 409—412 

Unsaponifiable matter, removal of, from natural fats, 265, 368—369, 376 


Vitamin A, 348, 349 
Vitamin D, 348 



GENERAL INDEX OF SUBJECTS 

Waxes, 3, lo, ii, 52 - 54 > no, in, 115, 116, 119, 121, 230, 231, 305^ 
307. 309. 31 1 > 34S, 359“3<5 i, 363 
Wood pulp, 112 


X-ray spectrum analysis of fatty acids and glycerides, 151, 209, 216 
306-308, 310, 3ti, 317. 341 


Zoomaryl alcohol, 361 



INDEX OF INDIVIDUAL FATS AND WAXES 
(AND PLANT FAMILIES) 


The references are to fats, unless waxes are specifically indicated. 

Except in a few special cases, systematic zoological and botanical names 
are not indexed unless there is no common synonym for an animal or plant, or 
unless it is rare or unfamiliar. 

(Both common and systematic names of each species are given through- 
out the tables of component fatty acids in Chapters II-IV.) 


AQUATIC FLORA 

Algae, lo, 13, 23-25, 106, 325 
Cladophora sautaH, 25 
Fucus vesiculosus, 25 
Laminaria digitatay 25 
Nitella opaca, 25 
Oedogonium sp., 25 
Rhodymenia palmata, 25 
Anacharis alsinastrum (Canadian pond- 
weed), 24, 25 

Diatoms, 10, 24, 25, 274, 325 
Nitzschia closterium, 25 

AQUATIC FAUNA 

Copepods, 26, 292 

Calanus finmarchicus, 26 
Cyclops strenuus, 26 
Diaptomus gracilis, 26, 27 
Euphausia superha, 50 
Zooplankton, 10, 23-27, 274, 325 
Daphnia galatea, 26 

FISH 

Invertebrates 
Crab {Birgus latro), 63 

,, (Japanese, Paralithodes cami- 
schatica), 63 
,, (liver), 63 
Cuttle, 185 

Mussel {Mytilus edulis), 27, 44, 46, 292, 

293 

Prawn (Leander serratis), 27, 28 
E lasmobranch 

(10, 29-32, 325, 328, 348, 362-364, 
404) 

Angel fish (liver), 30, 31 
Carcharias gangeticus, 32 
Dasyatis ahijei, 32 
Do^sh, grey (liver), 30, 31 
,, spotted (liver), 30, 31 
Etmopterus spinax (eggs), 30 
Fan-fish (liver), 32 


Lepidorhinus 1 guano sus (liver), 30 
Ratfish (liver), 30, 31, 363, 364 
Fay, 325 

Scymnorhinus licMa (liver), 30 
Shark sp. (liver), 30, 31, 32, 185, 228, 325 
,, thresher (liver), 30, 31 
,, white (liver), 32 
Skate (liver), 30, 31 
Spinax niger (liver), 30 
Squalidae (livers), 30, 31 

Teleostid 

(32-50, 228-231, 274, 292, 293, 

394-397) 

Angler fish (liver), 34—35 
Carp (body), 40 

„ Chinese (body and mesentery), 
37, 40^ 41 

Catfish (liver), 34-35, 3^ 

Clupeidae (body), 32, 36 
Coalfish (liver), 34-35 
Cod (liver), 16, 34—35, 72—75, 10 1, 102, 
185, 227-230, 235—237, 240, 241, 
255-257. 291-294, 325, 327. 336, 
341, 342, 394-397 
Conger eel (liver), 44, 45, 48 
„ ,, (peritoneum), 44, 45, 48 

Eels (body), 33, 41, 44-46, 292, 293 
„ sand, 185 
Gadidae (livers), 34-36 
Groper (head), 41, 48-50 

„ (liver), 34-35. 4 ^. 48-50, 51 
Haddock (liver), 34-35 
Hake (liver), 34-35 
„ „ (New Zealand), 33, 34 - 35 . 

51 

Halibut (body), 37—39, 41, 48 
„ (liver), 34-35, 3^, 41, 48 
Herring (body) 36, 37-39, 44, 46, 185, 
228, 292, 293, 327 
Lampem, 37-39, 41 
Ling (liver), 34-35 
,, ,, (New Zealand), 34—35, 36, 

51 
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Menhaden (body), 36, 38-39, 86, 291, 
292 

Monkfish (liver), 34-35 
Mullet, grey (ovary), 54 
Perch (body), 40 

,, (mesentery), 40 
Pike (body), 40 
Pilchard (body), 36, 38—39 
Pollan (body), 40 
Pollock (liver), 34—35 
Red cod (liver) (New Zealand), 33, 
34—35, 51 

Saith (liver), 34—35 
Salmon (body), ir, 33, 37-44. ^^5 
(liver), 42, 44 
(mesentery), 42, 44 
ova, 42, 44 
parr, 41-43 
smolt, 41—43 

Sardine (Japanese) (body), 38—39, 185, 
228, 327, 342 
Sprat (body), 38—39 
Sturgeon, ii, 33, 41, 46-47 
Trout, brown (fresh-water) (body), 37— 

40. 41 

,, sea (body), 37-39. 4 ^ 

Tunny (body), 37 ” 39 . 4 ^. 47 ~ 4 ^ 

,, (liver), 34-35. 36. 41. 47-48. 
342 

Turbot (body), 37-39. 4 ^. 4 ^ 

,, (liver), 34-35. 3^. 4^. 4^ 


Marine mammalia 
Dolphin, 8, 16, 54—57, 308, 309. 367 
„ (body), 54 - 57 , 36° 

„ (head), 54-57 

Dugong, 280 

Porpoise, 8, ii, i6, 50, 54—57, 280, 
308, 309, 325, 367 
„ (body), 54-57, 231, 232, 

280, 325, 360, 361 
,, (head), 54-57, 218, 360, 

3di 

(jaw), 54-57, 360 
„ (liver, etc.), 54-57 

Seal (blubber), 50, 227, 325 
Sperm whale (blubber), ii, 50, 52—54, 


230. 

361 

231. 

325. 

360, 

(head). 

II, 

50. 

52-54. 

218, 

230, 

231. 

3 <=> 9 , 


324, 325, 360, 361 
„ ,, (liver), 54 

Whale (blubber), 12, 16, 41, 50—52, 
185, 227—230, 280, 299, 324, 
325. 327, 336, 373 . 390-393 
,, (liver), 52 

,, (milk), 12, 52, 93 

White whale {JDelphinapterus leucas) 
(body, head, jaw), 57 


LAND FAUNA 
Amphibia and Reptiles 
Frog (body), 11, 12, 61, 62 
,, (liver), 89, 91 
Lizard (body), ii, 12, 61, 62 
Python, 61 
Salamander, giant, 61 
Toad, 61 
Tortoise, ii, 12 

Greek (body), 62 
,, (liver), 89, 91 

Turtle, 6r 

green, 53, 62, 232 
leather, 61 
red, 61 
Viper, 61 

Insects 
(i) Fats 

Butterfly, Brazilian {Myelohia smerin- 
tha), 63 

Cantharides beetle (body), 63, 64 
Cricket (Japanese) (body), 63 
Locust (body), 63 

iPachymerus dactris (beetle) (body), 
64, 291, 292 

Pemphigus sp. (body), 63 
Silkworm {Bombyx mori) (cocoon), 63 
Tent moth {Malacosoma americana) 
(chrysalis), 63 

(ii) Waxes 
Bee, 31 1, 359, 360 
Cochineal, 360 
Lac, 360 

Birds 

Crane, 66 
Duck, 66, 182 
Emu, 64 
Gannet, 67, 292 

Goose, 64. 182, 183, 271, 278, 310 
Gull, Herring, 67, 292 
,, Skua, 67, 292 

Hen, domestic, ii, 12, 17, 20, 64—67, 
233. 234, 244, 24s, 278, 279, 291, 
292, 325 

Petrel, Fulmar, 67. 292 
Starling, 66 
Turkey, 66 


MAMMALS 

Rodents 

Hare (depot), 75 
Marmot (depot), 75 
Mouse (depot), 293 

Rabbit (depot), ii, 75, 182, 184, 233, 
234. 237, 244, 253, 278, 279. 
280 

„ (liver), 275 
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Rat (depot), ii, 12, 20, 71—75, 233, 
234, 244, 279, 280, 291, 292; 
295 > 325 

,, (liver), 73, 90, 92, 275 

Carnivora and, Herbivora 

(i) Fats 

Bear, black American (depot), 76 
Buffalo (depot), 20, 189 
Butter, see Milk 
Camel (depot), 76, 77 
Deer (depot), 294 
Dog (depot), 87, 271, 291 
„ (liver), 275 

Goat (depot), 77, 189, 233, 234, 237, 
248—250 

Horse (depot), ii, 76, 77, 87 
Lard, see Pig (depot) 

Mink (depot), 76 
Ox (adrenals), 93, 341 
,, (blood), 93, 277 
„ (bone), 77 
,, (brain), 341 

,, (depot), 8, II, 12, 17, 20, 73—76, 
77—80, 86, 99, 189, 227, 233, 234, 
236-239, 245-247, 248-254, 271, 
278, 279, 291, 292, 294, 300, 309, 
310, 324, 327, 337, 341, 367, 404, 
414 

,, (heart-muscle), 93 
,, (hoof), 77 

,, (liver), 89—92, 99, 276, 277, 325, 

326, 337, 341 
Pig (blood), 277 

,, (depot), II, 12, 17, 20, 76, 77, 
80-86, 183, 189, 227, 230, 233, 
234, 236-239, 245-248, 249, 

250, 271—272, 273, 278, 279, 

291-293, 294, 295, 300, 310, 324, 

327, 341, 367, 381, 386-389, 

403, 416 

,, (liver), 89-93, 275-277, 325, 326, 

341 

Reindeer (depot), ii, 76, 77 
Sheep (depot), 8, ii, 17, 20, 67, 70, 
71, 76, 77—80, 87, 183, 189, 
216, 227, 230, 233, 234, 236- 
239, 245, 248-250, 271, 278, 
279, 290, 292, 294, 300, 309, 
310, 327, 337 

,, (liver), 89-92, 277, 325, 326. 

. 337 

Tallow, see Ox and Sheep (depot) 

(ii) Wax 

Wool (sheep), 31 1, 312 
Milk fats 

Ass, 94 

Buffalo, 20, 93, 94, 95, 233, 235 - 237 » 
255. 259, 260 


Camel, 93, 94, 95, 99, 233, 235-237, 
255» 259> 260 
Cat, 94 

Cow, 3, 9, II, 12, 17, 20, 72—74, 86, 93, 
94, 96—102, 183, 184, 189, 227, 

232—243, 254—261, 277, 280, 291— 
293> 294, 308, 309, 310, 312, 324, 
327, 337» 367, 369, 37<^^ 382-385, 
415 

Dog, 94 

Goat, 12, 20, 93, 94, 95, 97, 99, 233, 
235-237, 255, 259, 260, 326 
Horse, 94 
Human, 94, 99 
Mouse, 94 
Pig, 94, 100 
Rabbit, 94 

Sheep, 12, 20, 93, 94, 95, 99, 233, 235- 
237 » 255, 259-260 
(Whale, 12, 52, 93.) 


LAND FLORA 

CRYPTOGAMS 

Bacilli : 

Diphtheria bacillus, 12, 106, 326 
Leprosy ,, 106, 31 1 

Tuberculosis ,, 106, 31 1 

Clubmoss : — 

Lycopodium clavatum (Clubmoss 
spores), 108, 326 
Moulds and Fungi ; — 

Amanita muscaria (toadstool), 108 
Aspergillus sp., 299 
Citfomyces sp., 107 
Endomyces vernalis^ 282, 283 
Ly cogala epidendrum, 107 
Oidium lactis, 107 
Eenicillium javanicum, 107 
,, sp., 282, 299 
JReticularia lycoperdon, 107 
Secale cornutum (ergot), 107 
ZJstilago Zece (maize blight), 108 
Yeast, 12, 106, 107, 282, 310, 326 


PHANEROGAMS 

Root fats 

Chufa (sedge), 112 
Mangel, 112 
Einellia tuherifera, 112 
Poke root, 112 
Senega root, 112 

Bark and stem fats 
Basswood, iii 
Buckthorn, sea, in 
Hawthorn, in 
Spruce, 112 

Sugar cane (phosphatides), 167 


429 
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Leaf fats and waxes 
(i) Fats 

Cabbage, iio 
Cocksfoot grass, no 
Olive, 265 
Peppermint, in 
Ryegrass, perennial, no 
Spinach., in 

(ii) Waxes 
Candelilla, 360 
Carnauba, 360 
Cocksfoot grass, 360 
Cotton, 360 
Lucerne, 360 
Wheat, 360 

Fruit-'Coat fats 
AcHnodaphne Hookeri, 117 
Astrocaxyum sp., 115, 118 
Attalea sp., ii 5 » 

Avocado pear, 117 
Avsrarra palm, 115 
Batava palm, 115 
Buckthorn, sea, 117, 119, 120 
Cacao bean (shell), 116, 119 
Canarium commune (?) (Java almond), 
1 16, 119, 190— 191, 225 
Cay an palm, 115 
Celastrus paniculatus, 117 
Cinnamon, wild, 117 
Cohune palm, 115, 118 
Cokerite palm, 115, 118 
Com salad, 117 

Eleeis guineensis (oil palm), 13, 18, 20, 
70, 71, 73-75. 1 14. 1 15. 1 16. 1 19. 
120, 184, 190— 192, 216, 223, 
224, 253, 291, 292, 294, 299, 
309, 326 

,, melanococca, 118 
Elderberry, 117, 119, 120 
Gru-gru palm, 115 

Japan wax, 115, 116, 119, 121, 222, 
312 

Java almond, 1x6, 119, 190— 19 1, 

222, 225 

Laurus nohilis (laurel), 117, 119, 190— 
192, 225 

Maximiliana regia, 115, 118 
Myristica fragrans syn. officinalis, 
115, 1 19 

,, , malaharica, 115 

Myrtle wax, 115, 117 
Neoliisea involucrata, 117, 119 
Olive, 13, 18, 19, 20, 73-75, 114, 117, 
118, 119-121, 182, 184, 190-192, 
195-197, 216, 219, 220, 225, 253, 
266, 267, 290—291, 294, 299, 310, 
314. 3x5, 326, 358 
Oreodoxa regia (palm), 115 


Palm {Eleeis guineensis), 13, x 8 , 20, 70, 
7 X. 73 - 75 . XX 4 . nS. xi< 5 , 119, i2o,'iS4[ 
190-192, 216, 223, 224, 225, 253, 291, 
292, 294, 299, 309, 326, 403, 404 
Patua palm, ii -6 
Persea gratissima, 117 
Piqui-a, 18, 116, 118, 119, 190— 192, 
222, 224, 225 
Raphia ruff a (palm), 115 
Rhus, 115, 116, 119, 121, 222, 312 
Stillingia tallow, 18, 115, 119, 120, 
182, 190— 192, 222, 223, 310 
Sumach, 1x5, xi6, 119, 121, 222, 312 

Fruit-coat wax 
Apple cuticle, 360 

Seed fats 

Abies balsamea, 124 

Acrocomia sp., 115, 118, 162, 163, 

190— 19X, 205 

Actinodaphne sp., 160, 206 
Adenanthera pavonina, 150, 152, 311 
Ailanthus glandulosa, x6i, 165 
Akarittom, 13 1, 132, 134, 340 
Akebia lobata, 138 
Aleurites cor data, 134 

,, Fordii, 13, 122, X31— X34, 198, 

221, 222, 281, 338 
,, moluccana, 133, 134 

,, montand, 13, 122, X31— 134, 

198, 281, 338 
,, tvisperma, 132, 134 

Alfalfa, 15 1, 152, 310 
Allanhlackia sp., 19, 155, 156, 181, 
182, 190— 192, 2X2, 2X6, 2X8 
Almond, X31, 134, 266, 314 
Amoora seed, X56 
Anda-assu, 133, 134 
Angelica, 145 
Aniseed, star, 138 
Anona squamosa, 137 
Apricot, 134 

Arachis hypogcea, see groundnut 
Areca catechu, 1 18, 162 
Argemone, 126, 131, 133 
Asclepias cornuti, 127 
Ash, 129 

Astrocaryum sp., 118, 162, X63, 190— 
191, 205 

Attalea sp., 118, 162, 163, 166 
Awarra palm, 163 

Azadirachta indica, 155, 190— 1 92, 2x5 
Babassu nut, 162, 166, i84 
Bael, 127 

Bagilumbang, 133, 134 
Baku butter, 157 
Baobab, 139 
Barley, 14 x, 142 

,, (phosphatides), x68 
Basil, sweet, X2S, 13 1 
Bassia, see Madhuca 
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Batava palm, 163 
Beech, 122, 126, 129 
Beet (phosphatides), 167 
Behen, 31 1 
Belladonna, 139 
Betel nut, 162 
Bittersweet vine, 125, 131 
Blackberry, 131, 134 
Blepharis edulis, 127 
Bonducella nut, 15 1, 152 
Bonneti palm, 163 

Borneo tallow, 155, 157, 182, 190— 192, 
198, 200, 203, 205, 211, 216, 218, 
3ro 

Bouandja, 156, 212 
Brassica S'p., 146, 148, 149 
Brazil nut, 139 
Buckthorn, 125 

,, sea, 1 19, 125 
Butia palm, 162 

Cacao butter, 21, 119, 137, 155, 156, 
182, 185, 190-192, 198, 200—205, 

209— 21 1, 216, 218, 238, 253, 269, 
285, 294, 310, 411, 412 
Camphor seed, 163 

Canarium coni'mune (?) (Java almond), 
119, 138, 190— 192, 211, 212, 218 
Candlenut, 133, 134 
Cantaloupe melon, 135 
Caper spurge, 13 1, 134 
Caraway, 145 
Carnauba, 163 
Carrot, 145 
Cashew, 137, 138 

Castor seed (JRicinus communis) ^ 14, 
122, 132, 133, 135, 265, 266, 281, 

329 

Cay-Cay nut, 16 1, 208 
Cedar nut, 124 

Celastrus paniculatus, 125, 130, 131 
,, scandens, 125, 130, 13 1 
Celery, 145 
Cerhera odoUam, 139 
Chaulmoogra, 144, 146, 147, 185, 221 
Cherry, 134 
Chervil, 143, 145 
Chestnut, horse, 127 
Chia seed, 125, 13 1 
Chicory, 128 

China wood, X3, 122, 131— 134, 198, 
221, 222, 338 
Cinnamon, 160 

,, wild, ido 
Clover, 15 1 

Coconut, 73, 74, 86, loi, 118, 155, 
162, 166, 183, 184, 189—191, 205, 
206, 235-237, 255-259, 285, 291, 
292, 294, 299, 309, 372 
Coffee, 140 

„ wild, 152 
Cohune palm, 118, 162 
Cokerite plam, 163 


Colza, 149 

Coral tree nut, 150, 152, 31 1 
Coriander, 145 
Corn salad, 125 
Corozo palm, 163 

Cottonseed, 13, 19, 73—75, 86 , 137, 138, 
166, 189—191, 194— 197, 
216, 219— 221, 268, 281, 
291, 292, 301, 309, 326, 
333 . 335 

,, (hydrogenated), 72, 75, 

194-197, 294 
Couepia grandifiora, 340 
Coula, 126, 130 
Croton, 133, 134 
Cuban royal palm, 163 
Cucumber, wild, 135 
Curua palm, 163 
Cuscuta reflexa, 158 
Date, 163 
Datura, 139, 310 
Dhupa, 157 

Dika, 161, 190—191, 208, 217 
Dilo, 155, 156 
Doum palm, 162 
Dumori butter, 157 

Elceis guineensis (oil palm) (kernel), 
70, 71, 115, 119, 155, 162, 166, 183, 
189—191, 205, 206, 292, 299, 403, 404 
Elderberry, 119, 120, 140 
Elm, 126, 129, 160, 164, 309 
Essang, 133, 134 
Evening primrose, 125, 143, 338 
Fennel, 145, 326 
Fever bush seed, 164 
Filbert, 126 
Fir seed, 124 

Camboge butter, 156, 190— 19 1 
Garcinior sp., 156, 190— 191, 212, 216, 
218 

Gonyo almond, 138 
Gooseberry, cape, 139 
Gorli seed, 146, 147, 331 
Grape, 127, 131, 133 
,, wild, 127 
Grapefruit, 138 

Groundnut, 13, 85, 131, 151, 152, 154, 
166, 190— 191, 195—197, 
219, 220, 245, 291, 292, 
310, 31 1, 326, 333, 377 
„ (hydrogenated), 194— 197, 

294 

Gru-^u palm, 162, 190— 19 1, 205 
Gurgi nut, 156, 212 
Guyova, 127 
Gynocardia, 147 
Hackberry, 126, 129 
Hawthorn, 13 1, 134 
Hazelnut, 126, 129 
Hazura kernel, 155 

Hempseed, 67, 69—71, 124, 129, 131, 
267, 291, 292, 296, 337 


431 
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Henbane, 139 

Hevea brasiliensis, 13, 131, 133, 134 
Hickory nut, 124, 129 
Hogweed, 145 

Holavyhena antidysentericat I39 

Honey palm, 163 ' 

Hongay seed, 152 

Hydnocarpus sp., I 44 > 14 ^* I 47 > 

329-331 

Hygrophyla spinosa, 140 
Illipe butter, 157, 159 
,, tallow, 155. 157 
Iron wood nut, 157 
Irvingia sp., 161, 165, 208, 309 
Isabgbol, 128 

Isano nut, 126, 130, 143, 144, 33 ^ 
Ivory wood, 126, 130, 133, 329 
Ivy, 143, 145, 326, 327 
Jaboty kernel, 16 1, 165 
Jamba, 149 

Java almond, 119, 138, 1 90-1 92, 211, 
212, 218 
,, olive, 156 

Joannesia princeps, 133, 134 
Jute, 138 
Kadam, 135 
Kansive nut, 155 

Kanya butter, 157, 190— 191, 212, 213 

Kapok, 139, 309 

Katio, 157, 159 

Kaya, 124 

Kenapb, 138 

Kepayang, 135, 190— 191, 19S, I 99 i 

^ 200, 203, 215 

Khakan kernel, 161, 164, 165 
Kirondro seed, 161, 165 
Koeme, 135 

Kokum butter, 156, 1 90-191, 212, 216 
Kombo, 160, 324 
Kusum, 153, 154, 190-19 1, 310 
Laurel, cherry, 134 

,, Portuguese, 134 
Laurus nobilis (laurel), 21, 119, 160, 
164, 183, 184, 186, 189-191, 207, 
208, 225, 309 

JLicania rigida, 13, 13 1, 132', 134, 198, 340 
Lime, 138 

I^indera sp., 164, 324 
Linseed, 19, 69—71, 86, 87, loi, 102, 
125, 131, 185, 193. I94» 221, 235- 
237, 240, 255—257, 267—268, 291— 
293, 296, 333, 337, 338 
Litsea sp., 160, 164, 324 
Loofah {I.ujfa sp.), 135 
Lucerne, 15 1 
Lukrabo, 147 
Lumbang, 133, 134 
Macassar, 153, 154 

Madhuca sp., 157, 159, 190— 192, 198, 
200, 203, 205, 213, 214 
Maize, 85, 86, 141, 142, 292, 294, 310, 
332, 334 


Malabar tallow, 157 
Mallow, rose, 138 
Mammy apple, 155, 157 
Mangalore butter, 163 
Mani nut, 155 

Manicaria saccifera, 64, 162, 190— 191, 
205, 292 
Maratti, 147 

Margosa, 155, 156, 190-192, 215, 218 
Maximiliana regia, 118 
Mee, 157, 159 
Melon, cantaloupe, 135 
,, water, 135 
Melontree, 139 
Michelia Champ aca, 138 
Millet, 141 

Mkanyi, 156, 181, 182, 190— 192, 212 
Mowrah, 157, 159, 190-192, 198, 200, 
203, 205, 213, 214, 218 
Mullein, 1 27 
Mungo bean, 151, 152 
Murumuru, 162 
Mustard, 149, 269, 328 
,, tree, 164 

Myristica fragrans syn. officinalis, 119, 
160, 164, 165, 183, 184, 
186, 189—191, 207, 281., 

309 

,, malaharica, 21, 160, 207 
,, sp., 21, 115, 119, 155, 160, 
163—165, 183, 184, 186, 

189-191, 207, 281, 288, 
309 

Myrobalan, 139 
Nasturtium, 148, 328 
Neem, 155, 156, 190—192, 215, 218 
Neolitsea involucrata, 119, 160, 206,207 
Neou, 131, 132, 134 
Niger seed, 128, 269 
Njatuo tallow, 157, 190— 19 1, 213, 216, 
218 . 

Njave, 157 
Noli palm, 163 

Nutmeg, 1 19, 160, 164, 165, 183, 184, 
186, 189-191, 207, 217, 2$ I, 309 
Oak, Indian, 126, 13 1 
,, pin, swamp, 126, 131 
Oats, 141, 142 

,, (pbospbatides), 168 
Oiticica, 131, 134, 198, 340 
Okra, 138 

Olive, 1 19, 127, 131 

Oncoba sp., 146, 147 

Ongokea Gore, 126, 130, 143, 1 44, 33 1 

Otobo, x6o 

Ouricoury nut, 162, 166 
Owala nut, 152 
Pachira, 139 

Pachyrhizus angulatus, 152 
Paeony, 265 

Palaquium ohlongifolium, 19, 

190-191, 213 



INDEX OF INDIVIDUAL FATS AND WAXES 


Palm {JElcuis guineensis), 70, 71, 115 , 
118, 119, 162, 166, 183, 189-191, 
205, 206, 292, 299 
Palmiche nut, Cuban, 162 
Paraguay palm, 163 
Pararnaca palm, 163 
Barinariuwi sp., 131, 132, 134, 340 
Parkia sp., 150, 152 
Paroacaxy nut, 152 
Parsley, T4.3, 145, 326 
Parsnip, 145 
Passion fruit, 125 
Payena sp., 155 
Peanut, see groundnut 
Pentaclethra sp., 150 
Pentadesma sp., 155, 190— 192, 212, 

213, 218 

Perilla ocimoides, 15, 125, 131, 337> 338 
Perrier a JVE adagascariensis, 1 6 1 , 165 
Phulwara butter, 157, 159, 190— 191, 
198, 200, 203, 213, 214 
Physic nut, 133, 134 
Picramnia sp., 13, 144, 161, 165, 331 
Picrasma sp., 144, 161, 165 
Pili, ^38 

Pimpinella anisum, 326 , 

Pine, digger, 124 
,, nut, .124 
, , red, »24 
„ seed, 124, 337 
Pinus sp., 124, 129, 131 
Piqui-a, 118, 119, 137, 139, 190-192, 
214 

Piiirima kernel, 163 
Pistachio, 138 
Pitjoeng, 147 
Plwntago ovata^ 128 
Pldtonia sp., 155 
Plum, 134 

Pomegranate, 136, 339 

Pongamia, 151, 152 

Poppy, 126, 131, 266, 267, 296, 333 

Po-Yoak, 1 3 1, 132, 134 

Prunus sp., 131, 134 

Piilasan tallow, 153, 154, 190— 192, 

214, 2X8 
Pumpkin, 135 

Hambutan tallow, 153, 154, 190— 192, 
214, 2x5, 2x8, 310 

Rape, 86, 87, loi, 102, 149, 190— 19 1, 
216, 220, ^35-237, 240, 255- 
257, 267, 269, 291, 293, 31 1, 
326, 328, 358 
,, hydrogenated, 184 
,, Jamba, 149 

,, .(phosphatides), 168—169, 326 
Ravison, X49 
Rayan, 157 
Rice, X4X, 142 

Picinodendrcm africanunit 133, 134 
Micirtus sp., 14, 122, 132, 133, isS 
Rubber seed, 13 1, 133, 134, 337 


Rue, 127 
Rye, 14 1, 142 
Quince, 134 
SafSlower, 128, X31 
Santalum album, 130, 338 
Sapocainha, 146, 147 
Seringe, 135 

Sesame, 127, 131, 190-191, 195— 197, 
221, 408, 409 

Shea nut, 157, X90— 192, 198, 200, 202, 
203, 205, 2x3, 218, 285, 310 
Shinia, 137, X38 
Soap nut, 153 
Sorghum, 14 x 

Soya bean, 13, 85, 86, lox, 102, 131, 
151. 153. i 8 S. 193 . 194. 

22 X, 335-237. 255-259, 

269, 291, 292, 310, 326, 
333 

,, „ (phosphatides), X67— i6g, 

269, 326 
Squash, Hubbard, 135 
Staphylea pinnata, 127 
Stephania tetrandra, 126 
Sterculia fcetida, 117, X56, 21 1 
Stillingia sp., 119, 135 
Strophanthus hispidus, X39 
Sugar cane (phosphatides), 167 
Sunflower, 128, 13X, 166, 269, 297 
Surin kernel, 157 
Symphonia sp., 155 
Taban merah, 157, 190— xpx, 213 
Talisoy, 139 
Tangkallak kernel, x6o 
Teak, X58 

Teaseed, 13, 127, X90— X91, 195-197, 

2x9, 220, 326 
,, Chinese, X27 
,, Japanese, 127 
Teazlewort, X28 
Pelfairia occidenfalis, X35, 136 
,, pedata, 135, 136 
Perminalia sp., 139 
Thevetia neriifolia, X39 
Thistle, .128 •. 

Thorn apple, 139 
Tobacco, X39 
Tomato, X39 
Tonka l^an, X51, 152 
Preculia africamt, 124, X31 
Trichosanthes cucumeroides , 135, 136, 

339 

,, Kadam, 135, 136 

TropcBolum, 146, 148 
Tucuma kernel, 162, 190— 19X, 205 
Tung, Chinese, X3, 122, 1 31— 134, 198, 
221, 222, 338 
„ Florida, 134 
,, Japanese, 134 
Ucuhuba, 160 
Virola, x6o, 163, 165 
Wallflower, 146, 149, 328 



INDEX OF INDIVIDUAL FATS AND WAXES 


Walnut, 123, 124, 129, 131, 266, 337 Ximenia antericana , 126, 130, 146, 329 
Wheat, 141, 142 

(phosphatides), 168 Seed wax 

WHghtia annamensis , 329 Simmondsia californica ^ 146, 148, 150, 

Xanthium strummariunif 128 6 


PLANT FAMILIES 


Acanthaceae, 122, 127, 140 
Anacardiaceas, 116, 119, 122, 137, 138 
Anonaceas, 122, 137, 138 
Apoc5maceae, 122, 137, 139 
Arace®, 112 

Araliaceae, 122, 143, 145, 326 
Asclepiadaceag, 122, 127 
Berberidaceae, 122, 138 
Betulaceae, 122, 126 
Bombacaceae, 122, 136, 137, 139 
Burseraceae, 116, ii9> 122, 137, 13S, 
157, 21 1 

Buxaceae, 122, 148 

.Captifoliaceae, 117, 119, 122, 137, 140 
CaricaceaB, 122, 139 

Caryocaraceae, 116, 119, 122, 137, 139, 
214 

Celastraceae, 117, 119, 122, 125, 130, 131 
Chenopodiaceae, iii, 112, 159 
Combretaceae, 122, 137, 139 
Compositae, 122, 123, 128, 13 1 
Coniferae, 112, 113, 122— 124, 129 
Convolvulaceae, 123, 158, 159 
Cmciferae, 9, 13, no, 123, 146, 148, 

149, 154, 281, 311, 328 
Cucurbitaceae, 13, 122, 129, 132, 135, 

137. 215 
Cyperaceae, 112 
Dipsaceae, 122, 128 

Dipterocaxpaceae, 123, 150, 157, 159, 
209, 21 1, 310 

Elaeagnaceae, in, 117, 119, 122, 125 
Euphorbiaceae, 13, 116, 119, 122, 129, 

131-135. 148 

Fagaceae, 122, 126, 131 
Flacourtiaceae, 13, 122, 144, 146, 147, 

329-331 

Gramineae, no, 122, 136, 137, 141, 

142, 168, 295 

Guttiferae, 123, 150, 155-157, 159, 

212. 310 

Hippocastanaceae, 122, 127 
Juglandaceae, 122, 124 
Labiatae, in, 122, 123, 125 . . 

.Lauraceae, 114, 115, 117—119, 123, 

150, 160, 163, 164, 206—208, 309, 
324. 367 

Lec3rtMdace3e, 122, 137, 139 
Leguminosae, 13, 123, 129, 131, 150— 

153. 167, 310, 311 
Leguminosae (phosphatides), 167 
Linaceae, 122, 125 
Lythrarieae, 136 


Magnoliaceae, 122, 137, 13S * 
Malvaceae, 122, 136, 137, 138 
Meliaceae, 123, 150, 156, 159, 215 
Menispermaceae, 122, 126 
Moraceae, 122, 124, 129, 13 1 
Myricaceae, 117 

Myristicaceae, 114, 115, 118, 119, 123, 
150, 160, 163— 165, 206—208, 309, 

324 

Myrtaceae, 122, 127 
Oenotheraceae, 122, 125, 143 
Olacaceae, 122, 126, 130, 144, 146 
Oleaceae, 117, 119, 122, 127 
Palmae, 13, 114, 115, 116, 118—120, 

123, 150, 154, 162, 163, 165, 166, 
205, 206, 217, 264, 269, 281, 285, 
288, 309 

Papaveraceae, 122, 126, 13 1 

Passifloraceae, 122, 125 

Pedaliaceae, 122, 127, 13 1 

Phytolaccaceae, 112 

Plantaginaceae, 122, 128 

Punicaceae, 136 

Rhamnaceae, 122, 125 

Rosaceae, 13, in, 122, 129, 131, 132, 

134 

Rubiaceae, 122, 137, 140 
Rutaceae, 122, 127, 137, 138 
Salvadoraceae, 123, 150, 153, 1^4, i6r, 
164, 165 
Santalaceae, 130 

Sapindaceae, 13, 122, 123, 150, 214, 

215, 310 

Sapotaceae, 123, 150, 155, I57» 159, 
213, 214, 310 
Scrophulariaceae, 122, 127 
Simarubaceae, 122, 123, 143, 144,. 150, 
161, 165, 208, 309 
Solanaceae, 122, 137, 139 
Staphyleaceae, 122, 127 
Sterculiaceae, 116, 123, 137, 150, 156, 
159, 209— 21 1, 310 
Theaceae, 122, 127 
Tiliaceae, in, 122, 136, 138 
Tropaeolaceae, 123, 146, 148, 328 
XJlmaceae, 123, 126, 129, 160, 164 
TJmbelliferae, 9, 13, 122, 143, 145, 154* 
269, 281, 326 
XJrticaceae, 122, 126, 129 
Valerianaceae, 117, 122, 125 
Verbenaceae, 123, 158, 159 
Vitaceae, 122, 127, 131 
Vochysiaceae, 123, 150, 161, 165 



INDEX OF INDIVIDUAL FATTY ACIDS AND GLYCERIDES 

(Other acids, including substituted (e.g., bromo- or hydroxy-) fatty 
acids, are included in the general index.) 

(i) FATTY ACIDS 


Arachidic (iw-eicosanoic), 6, 8, 13, 30, 
63, 69, 72, 74. 79 , 85, 91 - 93 .. 
95-98, 100-102, 107, 1 12, II7, 
123, 124-128, 134-14 1, 146, 150- 

154. I55-I59, 168, 192, 209, 2 II, 

212, 214, 215, 218, 219-22I, 228- 
232, 240—242, 248, 249, 251, 256, 
260, 285, 287, 288, 294, 307, 308, 
310, 3II, 341, 377, 383, 385, 390, 
393 - 395 . 397. 40^. 402. 404. 409 
Arachidonic, 7, 29, 68, 69, 73,. 78, 
79, 84, 168, 170, 240, 295, 314, 
340, 341 

Behenic (^t-docosanoic), 6, 30, 74, 
146, 148—154, 168, 228—230, 306, 
307. 308, 310, 311, 318, 328, 341, 

377 . 394. 395 . 397 
Brassidic, 317, 318, 321, 328 
Butyric, 6, 12, 20, 52, 63, 93—102, 

237. 238, 240-242, 256, 258-261, 
283, 288, 293, 294, 306, 308, 309, 

369. 370i 382. 385 

Capric (^-decanoic), 6, 12, 52, 53, 
72, 93-102, 123, 129, 140, 153, 
159—162, 164, 165, 166, 206—208, 
231. 232, 238, 240-242, 256, 
258-261, 268, 288, 300, 305, 308, 
309, 316, 321, 322, 369, 372, 

383-385 

Caproic (w-hexanoic), 6, 12, 52, 

93—102, 162, 238, 240—242, 256, 
258—261, 268, 288, 293, 306, 308, 
309, 369. 370. 382, 385. 406 
Caprylic (w-octanoic), 6, 12, 52, 63, 
93—102, 159-162, 165, 166, 206, 

238, 240-242, 256, 258-261, 268, 
288. 300, 308, 309, 321, 322, 367, 
369. 372. 382, 384, 385 

Camaubic, 140 

Cerotic, 6, no, in, 126, 128, 13b, 
146, 307, 308, 311, 329 
Cetoleic, 7, 28, 313, 327, 399, 402 
Chauhnoogric, 7, 13, 122, 142, 143, 
144, 146, 147, 185, 221, 295, 313, 

314. 330-331 

Cheiranthic,*' 313 

435 


Clupanodonic, 7, 29, 52, 57, 68, 69, 
314, 340, 342 . 

Couepic, see Licanic 
Daturic,*' 310 
^2-Decanoic, see Capric 
n-Decenoic, 6, 53, 94, 97-98, 10 1, 102, 
239, 242, 312, 313, 324, 369, 384,^ 

385 

w-Docosahexaenoic, 7, 314, 341, 342 
w-Docosanoic, see Behenic 
w-Docosapentaenoic, 7, 29, 73, 314, 

340, 342 

w-Docosatetraenoic, 100 
^i-Docosenoic {see also Cetoleic and 
Erucic), 146, 150, 372 
w~Dodecenoic, 6, 8, 52, 53, 94, 97-98, 
loi, 102, 164, 239, 242, 312, 313, 

324, 383-385 

w-Eicosanoic, see Arachidic 
w-Eicosapentaenoic, 7, 314, 341, 342 
t2-Eicosatetraenoic, 7, 29, 68, 69, 73, 
78, 79, 84, 168, 170, 295, 314, 340, 

341. 342 

n-Eicosenoic, 122, 142, 146, 150, 153, 
154, 214, 313, 327, 372 
Elaeosteaiic, 7, 13, 122, 13 1— 135, 
142, 154, 198, 222, 281, 286, 313, 
314, 322, 327, 338, 339, 340, 372 
Elaidic, 293, 317-319. 320-322, 323, 
361 

Erucic, 6, 13, 86, 87, loi, 102, 112, 
122, 123, 127, 1-28, 142, 143, 146, 
148—150, 154-156, 158, 168— 169, 
220, 240, 264, 269, 281, 286, 293, 
295, 306, 311, 313. 317, 318, 321, 
322, 327, 328, 372 

Gadoleic, 6, 28, 32, 50, 53, 313, 327, 
372, 399 . 402 
Gondoic, 327 

Gorlic, 7, 122, 144, 146, 147, 314, 

330, 331 

fi-Heptadecanoic, 305, 310 
w-Heptanoic, 305, 325 
w-Hexacosahexaenoic, 29, 342 
^-Hexacosanoic, 305, 308, 311 
w-Hexacosapentaenoic, 29, 342 
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w-Hexacosenoic, 126, 128, 139,. 142, 

143, 146, 313, 329 

w-Hexadecatrienoic, 29, 33, 314, 34 i> 

342 

w-Hexadecenoic (palmitoleic, zoo- 
maric), 5, 6, 9. n, 12, 17, 24-27, 
28, 31, 32, 33-35* 36, 37 * 38-40* 

41, 42, 43, 44. 45-54* ^2, 63, 65, 

67, 68, 69, 71, 72, 74* 75* 78-80, 

82—84, 88—94, 97, 98, loi, 102, 
106-108, 126, 128, 133* X 35 * X50, 
153, 157, 158, 168— 170, 200, 

228—232, 239, 242, 244, 248, 251, 
253, 272, 273, 274, 277, 286, 287, 
294* 3x3* 322, 324-326, 327* 342. 
372, 374, 383-385* 387-389* 39 X- 
393 * 395 - 397 * 399 * 401* 402, 404 
^-Hexanoic, Caproic 
Hiragonic, 29, 33, 342 
Hydnocarpic, 7, 13, 122, 142, 143, 

144, 146, 147, 185, 221, 3x3, 3x4* 

330 

Hypogaeic,’* 313 
'' Japanic,*' 117, 121, 312 
Keto-elaeostearic, 7, 122, 132— 134, 
142, 198, 222, 338, 340 
" Lanomyristic,” 312 
** Lanopalmitic,'* 312 
Lanostearic,^' 312 

Laurie (^-dodecanoic), 6, 13, 52, 
S3* 55* 5^* 62-64, 72, 74 * 79 * 84, 
93~99* 101, 117— 119* X23, 128, 
X29* X35, 142, 150, 153-X55, 

159—162, 164—166, 193* 206—208, 
223, 225, 229, 231, 232, 240-242, 
249—251, 256, 258—261, 264, 269, 
281, 285, 286, 288, 300, 308, 309, 
33X, 372, 374 * 383-385* 404 
Licanic, 7, 122, 1 32-1 34, 198, 222, 

313* 314. 340. 372 

Lignoceric, 6, 13, 107, 112, 117, 

126-128, 136-141, 146, 148, 150- 
152, 264, 307, 308, 31 1, 377* 394* 

395 , 397 
Linderic, 324 

Linoleic, 5, 7, 12, 13, 18, 52, 63-65, 
^* 70* 73 * 74* 75 * 77-79* 8x, 82, 
84—86, 90, 93, 99, loi, 102, 106— 
108, 110-112, 1 14-143, 145-153, 
154-162, 166, 167—170, 184-187, 
189, 193-202, 204, 207, 208, 21 1— 
215, 219— 221, 225, 227, 240, 242, 
244, 245, 247, 251, 257, 258, 264, 
268, 269, 272, 273, 276—279, 281— 
283, 285, 286, 289, 295, 313, 314, 
319, 320, 322, 323, 326, 328, 

332-336, 337 * 340* 342, 361, 

387-389, 398, 399, 403* 404* 4x1 
Linolenic, 7, 13, 18, 63, 64, 71, 73, 
75* 77* 85, 86, 93, 99, 1 01, 102, iio- 
112, 1 14, 117, 1 19, 122-128, 129, 

X3X~I35* X36-142, 147* X 49 ~i 54 , 


Linolenic — cont . 

X56, 158, 161, 168, 169, 185, 193- 
195, 221, 240, 264, 269, 281, 285, 
286, 313, 320, 322, 323, 337-338, 

• 342, 398 

“ Lycopodic,’' 108, 313 
'' Margaric,’" 310 
Melissic, 307 
lo-Methylstearic, 31 1 
Montanic, 307 
Moroctic, 342 

Myristic, 6, 8, 13, 20, 24—26, 31, 42, 
43 * 45-48, 52 , 53 * 55 * 56, 62, 65, 
67—69, 72—75, 77—79, 81—86, 88- 
93 * 95 - 102 , 107, 108, III, 114- 

119, 123, 124—128, 134— 141, 144, 
ISO, 152-158, 159-162, 164-166, 
168, 184, 192, 193, 196, 197, 

206—208, 211— 214, 218, 220, 223, 

224, 228—232, 240—242, 244—251, 
254, 256, 258—260, 272, 273, 281, 
285, 287, 288, 293, 308, 309, 310, 
359 * 37X, 372, 374 * 383-397* 400, 
403, 404 

Nervonic, 28, 328, 329 
Nisinic, 7, 29, 342 

^-Nonanoic, 305, 315, 316, 322, 361, 
362, 406 
Obtusilic, 324 

y^-Octadecadienoic {see also linoleic), 
5, 7, 12, 33, 52, 60, 62-64, 67, 72, 
73. 74 * 77-79* 81, 82, 84-86, 

88—93, 95—99, loi— 102, 106— 108, 
228—232, 240—242, 248, 250, 251, 
256, 260, 277, 313, 314, 332-337, 
370, 383-385* 390-397* 401, 402, 

404 

^-Octadeca-octaenoic, 284 
^-Octadecatetraenoic {see also steari- 
donic), 7, 29, 33, 52, 73, 131, 313, 

3x4* 338, 340* 341 

w-Octadecatrienoic {see also elaeo- 
stearic and linolenic), 7, 33, 63, 
64, 73* 93* 99, xoi, 102, 125, 130, 
13X-135* X 43 * 3x3. 314* 337-340 
w-Octadecen-inoic, 122, 130, 142— 144, 

314* 331 

^-Octadecenoic, see oleic 
t^-Octadecinoic, 7, 13, 122, 142, 143, 
144, 161, 313, 314, 331 
n-Octanoic, see Caprylic 

Oleic, 5, 6, 9, II— 13, 17, 18, 20, 21, 
24-27, 31, 32, 33-35* 36, 37* 

38-40, 41, 42, 45-57* 60, 62-65, 
67—72, 74—86, 88—93, 95—102, 106— 
112, 1 14-142, 144— 159, 160—162, 
165, 166, 167—170, 181, 184, 185, 
186, 187, 188, 189, 193—202, 204, 
206—208, 209—2x5, 217—221, 222— 

225, 227—232, 236, 238, 239, 240— 
252, 256—260, 264, 268, 269—272, 
273, 274, 276-280, 281, 282— 289, 



INDEX OF INDIVIDUAL FATTY ACIDS AND GLYCERIDES 
Oleic — cont. Stearic — coni. 


294, 306, 31 1, 312-322, 323-328, 
332, 333 . 336, 337 . 33S, 342, 357 . 
35S, 359 . 369 "' 372 , 374 . 383-404. 
409, 41 1 

Oleic (s5m thesis) , 319, 320 
tsoOleic, 73, 293, 323, 324, 371, 372, 
409 

Palmitic, 5, 6, 8, 9, ii, 12, 13, 17, 18, 
20, 23-27, 31, 32, 33-35. 36, 37. 
38-40, 42, 45-57. 60, 62-65, 67- 
72, 74-86, 88—93, 95 ~io2, 106—112, 
1 14-142, 144, 145, 146, 148-153, 
154— 159, 160—162, 165, 166, 167— 
170, 181, 184, 189, 192, 193—202, 
204, 206—208, 209— 211, 212, 213— 
215, 217—225, 228-238, 240-242, 
244—254, 256—261, 264, 2^—272, 
273, 274, 277, 278, 280, 281, 283, 
286—288, 291, 293, 294, 298, 305, 
306, 308-310, 31 1, 314, 315. 325. 
326, 351, 359, 371, 372, 374, 383- 
397 . 399-404. 409, 41 1 
Palmitoleic, see ^-Hexadecenoic 
Parinaric, 132— 134, 142, 314, 340 
n-Pentadecanoic, 310 

Petroselinic, 6, 13, 122, 142, 143— 145, 
154. 155. 161, 269, 281, 286, 313, 
318, 321, 322, 326, 327, 337, 338 
Phthioic, 311 

Physetoleic, see w-Hexadecenoic 
Punicic, 136, 339 
“ Rapic,’" 313 
Ricinelaidic, 329 

Ricinoleic, 6, 13, 107, 122, 126—128, 
130, 132— 135, 142, 281, 286, 295, 
313, 314, 329 
Santalbic, 130, 314, 338 
Selacholeic, 6, 10, 28, 30, 313, 328, 
329, 404 
Shibic, 29, 342 

Stearic, 5, 6, 8, 9, ix, 13, 17, 18, 20, 
31, 32, 47, 48, 52, 53, 60, 62, 63, 
64, 65, 67—72, 74—76, 77—86, 88— 
93. 95—102, 106—112, 1 14, 1 16, 

119, 120, 123, 124—128, 132, 135— 
142, 144, 149, 150, 151-153. 154- 
159, 160—162, 165, 166, 167- 170, 
r-Si, 189, 192, 193—202, 204, 206— 


208, 209—215, 217, 218, 220—225, 
228—242, 244, 245—254, 256—261, 
264, 270—275, 277, 278, 283—285, 
288, 293, 294, 298, 305, 306, 

308, 310, 311, 318, 326, 338, 350, 
351. 359 . 361, 372-374. 3S3-3S6, 
389. 390, 393 - 395 . 397 . 399 . 400, 
402—404, 409, 4x1 
Stearidoixic, 7, 29, 57, 314 
Stearolic, 315, 316, 318, 319 
Tariric, 7, 13, 122, 142, 143, i 44 . 

161, 3x3, 3x4, 331 
^'Telfairic,'' 313 

tz-Tetracosahexaenoic, 7, 29, 36, 314, 

342 

^-Tetracosanoic, 6, 13, 107, 112, 1x7, 
126— X28, X36— X41, 146, X48, 150— 
152, 31 1 

w-Tetracosenoic, 6, 10, 28, 30, 3x3, 
328, 329, 404 

^-Tetradecahexaenoic, 284, 306 
w-Tetradecenoic, 6, 8, 52, 53, 72, 79, 
82, 84, 89, 9x, 92, 94, 97, 98, loi, 
102, 153, x6o, i6r, 164, 228—232, 
239, 242, 248—251, 273, 274, 286, 
287, 312, 3x3, 324, 372, 3S3-3S5, 
388, 389, 391-393. 395 - 397 . 402. 
404 

Thynnic, 29, 342 
Trichosanic, 135, 136, 339 
Tsuzuic, 324 
Tnberculostearic, 31 1 
iw-Undecanoic, 322 
^-Undecenoic, 329 

XJnsaturated to, ii; 12, 

22—57, 61, 62, 63, 65, 67, 72, 74, 
76, 78, 79, 8x, 82, 84, 86, 88—93, 
97, 98, loi, X02, 186, 228—232, 
240—242, 244, 245, 247, 248, 251, 
272, 273, 276, 277, 293, 294, 3x3, 
340-342, 368, 370, 383-385, 3S7- 
397 . 399 . 401, 404 
Vaccenic, 3x3, 326, 327 
fsoValeric, 6, 8, xx, 16, 54—57, 231, 232, 
308, 309, 3 IX, 369 

Ximenic, 126, 128, 130, 142, 143, 

146, 313. 329 

Zoomaric, see n-Uexadecenoic 


(ii) GLYCERIDES (NATURAL AND SYNTHETIC) 
(Saturated acyl groups placed in ascending order of molecular weight.) 

Arachidodiolein, 214, 215 Caprodistearin, 354—357 

Rut3?xodiolein, 183, 255 Caprolauromyristin, 183, 208 

Butyropalmito-olein, 183, 350 Capromyristo-olein, 183 

Caprodilaurin, 354—357 Dicaprolauiin, 354—357 

Caprodimyxistin, 354—357 Uicapromyristin, 354~3S7 

Caprodipaimitin, 354—357 Dicapropalmitin, 354—357 

437 



